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Report  on  a  transportation  test         '  sweet  cherrix 
orator  cars:  lafluonce   of  the  heitj-u  of  load,  mecli. 
eolation  of  air  aad  the  use  of  car'bon  dioxide  gas 
iQent  to  standard  refrigeration. 


IMHODUCTIOB 

Prior  to  the  season  of  1941  shippers  in  the  Pacific  Northwest  used  el 
refri;^erator  cars  for  the  shipment  of  sweet  cherries  whether  movement  wj.  . 
passenger  or  freight  service.    Studies  of  car'bon  dioxide  gas  retentiveness  of 
refrigerator  cars  used  in  conmercial  service  during  1941,  as  discussed  in  H.  5, 
&  S.  Heport  No.  75,  raised  the  question  whether  "better  protection  might  not  'be 
secured  in  freight  refrigerator  caas  of  recent  construction  than  in  some  of  the 
older  express  refrigerator  cars  that  were  found  to  retain  car'bon  dioxide  gas 
very  poorly.    Another  reason  for  testing  freight  refrigerator  cars  for  sweet 
cherries  was  that  war  conditions  made  it  impossi'ble  for  shippers  in  some  dis- 
tricts to  o"btain  express  refrigerators  for  freight  movement  during  the  season 
of  1942. 

The  principal  o'bjection  that  siiippers  had  to  using  freight  refrigerator  cars 
for  sweet  cherries  was  that  these  cars  are  shorter  than  express  refrigerator 
cars  and  it  is  correspondingly  harder  to  refrigerate  properly  the  top  layers, 
"because  of  the  higher  loading  necessary  to  meet  the  minimum  weight  requirements. 
The  length  of  an  express  refrigerator  is  such  that  -a  minimtim  carload  of  27,500 
Ihs.  may  he  accomiaodated  through  loading  27  stacks  7  high  (35  inches)  and  1 
stack  8  high  (40  inches)  whereas  in  a  freight  car  over  half  the  load  must  he 
stacked  9  high  (  45  inches) . 

^The  recent  acquisition  by  carriers  of  freight  refrigerator  cars  equipped 
with  fans  for  the  mechanical  circulation  of  the  air  within  a  car,  tlirough  the 
ice  and  over  the  loeA,  made  the  use  of  this  equipment  for  high  loads  seem 
promising,  $t  raised  the  question  whether  this  accessory  equipment  might  not 
result  in  l^etter  refrigeration  of  sweet  cherries  in  40  ft.  freight  cars  than 
in  the  longer  express  cars  of  conventional  design,  and  whether  even  heavier 
loads  thc3in  that  of  the  27,500  lb_w  minimuDi  weight  might  not  be  carried  satis- 
factorily in  the  40  ft.  freight  cars.    If  loa^s  of  34,000  lbs.  could  be  refrig- 
erated satisfactorily,  the  result  wouJ-d  be  a  more  efficient  use  of  railway 
equipment  and  a  saving  in  transportation  and  refrigeration  costs  amounting  to 
3.5^^  per  package. 

The  rather  general  use  of  solid  carbon  dioxide  as  a  source  of  gas  to  supple- 
ment standard  refrigeration  in  the  shipment  of  sweet  cherries  also  has  a  bearing 
on  the  shipment  of  higher  and  heavier  loads.    On  the  other  hand  should  it  be 
possible  to  maintain  fairly  uniform  fruit  temperatures  between  32°and  36°P,  dur- 
ing transit,  through  the  mechanical  circulation  of  air,  the  use  of  carbon  diox- 
ide gas  might  not  be  necessary, 

OBJECT  OF  THE  TEST 

^  The  object  of  the  test  was  to  obtain  information  on  the  transportation  of  Sfl!7cc% 
cherries  in  40  ft,  freight  refrigerator  cars  with  loads  of  27,500  and  34,000- 
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po-unds  under  the  sup:3lementar7  protection  of  carton  dioxide  gas  and  mechanical 
circulation  of  air,  as  coopaxed  with  customary  loads  of  27,500  l^bs,  in  50  ft. 
express  refrigerator  cars,  with  ^nd  without  gas, 

cm  DIE  Oy  TEST 

To  secure  these  comparisons  studies  were  made  on  seveii  carloads  of  sweet 
cherries.    Car  specifications  and  loading  data  are  given  in  tahles  1  and  2. 


A  summary  of  the  equipment  and  loads  is  as  follows: 


1. 

2J.P.  92035 

-  40 

ft. 

freight 

car; 

'fares;34,020  Ih.  load. 

Without  00 2  gas. 

2. 

N.P.  92140 

-  40 

ft. 

freight 

car; 

fares;  27,580  l"b,  load. 

do. 

3. 

N.a.C,  147 

-  50 

ft. 

express 

car; 

27,580  To.  load. 

do. 

4. 

N.P.  93588 

-  40 

ft. 

freight 

car; 

27,580  Ih.  load. 

With  CO 2  gas. 

5. 

93154 

-  40 

ft. 

freight 

car; 

34,020  Id,  load. 

do. 

6. 

N.R.C.  204 

-  50 

ft. 

express 

car; 

27,720  Ih.  load. 

do. 

7. 

NJ'.  92069 

-  40 

ft. 

freight 

car; 

fans;  27,580  load. 

do. 

Mechanical  circulation  of  air. 

The  fan  cars  were  all  freight  refrigerator  cars  equipped ''"^i^^  "Preco"  fans. 
The  only  deviation  in  general  design  from  the  standard  freight  car  was  in  the 
construction  of  the  floor  racks  as  indicated  in  tahle  1,    The  fan  equipment  was 
that  designed  for  1941-1942  installation  and  consisted  of  seven  centrifugal 
fans  of  7^  in.  diameter,  mo-unted  on  a  transverse  shaft,  installed  beneath  the 
floor  racks  at  each  end  of  the  car  and  "belt  driven  "by  means  of  a  car  wheel  - 
power  take-off  device.    The  direction  of  the  air  flow  was  toward  the  ice  hun- 
kers.   The  combined  output  of  the  14  fans  in  each  dar  in  cubic  feet  per  minute 
at  different  speeds  of  the  car  is  given  by  the  fan.  manufacturers  as  follows: 

10  miles  per  hour   1,424  c.f  .m. 

25  miles  per  hour   3,560  c.f  .m. 

50  miles  per  hour  ^  7,120  c.f  .m, 

50  milfes  per  hour   8,504  c.f.iB*. 

With  a  loa^  of  1,576  packages  of  cherries  the  unoccupied  spaxie  ±s  approximately 
1,216  cubic  feet;  with  a  load  of  1,944    packe^ges,  it  is  1,021  cubic  feet.  At 
normal  running' speed  the  fans  in  cars. loaded  with  cherries  should  move  the  air 
several  times  per  minute  over  the  ice  in  the  bunkers. 


-3  - 


Top  air  1/ 
Bottom  air  ^ 

Top  fruit  ^ 
R  n 

H  u 

N  n 

n  n 

Middle  fruit  i/ 
Bottom  fruit 


n 


Location  of  electric  resistance  themiEDmeters. 
Air  tenperatures 
center  line  "bunker 
center  line  iDunker 

S'ruit  tonrperatures 
center  line 

south  side 

center  line 

south  side 

center  line 

center  line 

center  line 

south  side 

south  side 

center  line 


■bunker 
iDunker 
quarter  length 
quarter  length 

doorway 
quarter  length 
Tjunker 
hunker 
quarter  length 
doorway 


][/  1  foot  in  front  of  "bulkhead;    1  foot  from  ceiling, 

2j  level  with  floor  rack  at  "bottom  opening  of  "bulkhead, 

Zj  At  center  of  package  "bet^veen  fruits.    Top  fruit  temperature  positions 

varied  with  height  of  stacks  indicated  in  ta"ble  2, 
4/  Middle  fruit  position  was  in  4th  or  5th  layer    depending  on  load  height. 

In  this  report  "  fruit  temperatures'*  are  only  approximate  since  it  was  not 
possi'ble  to  insert  the  thermometers  used  in  cherry  fruits;  hence  it  was  necessaiy 
to  assujne  that  air  temperature  in  the  center  of  a  package  represents  the  tem- 
perature of  the  surrounding  fruit,- 

Loading  data. 

All  cars  excepting  U.E.O.  147  were  loaded  through  tunnels.    In  this  excep- 
tion the  fruit  was  trucked  into  the  car,  and  precooling  was  accomplished  with 
portable    "bunker-'bulkhead  fans  after  the  car  had  "been  loaded,-    The  precooling 
fans  operated  in  this  car  from  4:40  P,M.  June  21  to  9;45  A,M,  June  22,  "but  the 
initial  charge  of  salt,  inadvertently,  was  not  added  l)y  the  shipper  until  12:01 
A,M,  June  22.     The  aiiiount  of  precooling  accomplished  is  indicated  in  Ta"ble  5, 
The  degree  of  precooling  varied  greatly  in  the  different  cars  and  in  different 
lots  of  fruit  in  the  sams    car  as  indicated  in  table  2, 


Ice  and  sal t'record. 


Ice  aJh'd  -salt  ^mmished  in  TaTalQ  3. 

All  cars  : were,  itiitially  iced  without  salt  on  the  af  ternoon  of  June  19,  IBe- 
foro  the  cars  were  placed,  for  loading  the  Isunkers  were,  replenished  to  capacity. 
In  cars  N.P,  92035  and  N.P.  93154  which  had  to  "be  transferred  to  tracks  of  the 
Union  Pacific  E.R. ,  the  replenishment  was  done  at  8:40  P.M.  June  20.    With  the 
remaining  cars  it  was  done  at  9:30  June  21t .  the- day  pf  loadihg. 

' Icing  instructions  uniformly  ordered  3  percent,  salt  at  the  initial  icing  and 
at  all  reicings  ifor  all  cars,  except  H.P.  92069  in  which  ,  salt  at  reicing  stations 
was  to  he  as  ordered  hy  officials  of  the  Dep^irtment  of  aigriculture  accompanying 
the  test.  ,  -  , 

To  conform  with  the  usual  practice  of  the  shippers  the  initial  charge  of 
salt  was  added  to  cars  U.P.  92035,  N.P.  92140,  N.P.  93588  and  N.P.  93154  twelve 
hours  or  longer  "before  loading  was  started.    The  initial  charge  of  salt  furnish- 
ed hy  the  carrier  to  N.E.C.  147  was  added  after  the  fruit  had  heen  loaded  and 
precooled  for  approximately  IS  hours.    It  wa^s  added  to  N,R,C.  204  and  IT,?.  92069 
immediately  after  loading.    Cold  air  was  hloim  through  ducts  into  the  two  latter 
cars  prior  to  and' during  loading.  -  •     •  ■  -  .  .•  .  - 

There  wore  marked  variations  in  the  salting  practices  ifiSed  in  the  different 
cars  as  will  "be  observed  in  Tahle  3,    These  variations  were  made  "because  of 
differences  in  the  amo-ant  of  procooling  of  the  different  car  lots  ond  an  en- 
deavor to  give  shippers  protection  as  nearly  as  possihle  in  accordance  with 
their  desires  as  v;ell  as  the  exploratory  nature  of  the  tests. 

Application  of  solid  carbon  dioxide  and  removal  of  air  samples  for  gas  analysis. 

After  "bracing  the  loaded  car,  approximately  800  pounds,  of  solid  carhon 
dioxide,  in  75  pound . expre s s  cartons,  were  placed  in  a  special  crih  on  the 
bracing  stringers  at  the  doorway.    In  addition  to  this  main  source  of  carbon 
dioxide,  one  70  pound  naked  cake  of  dry  ice  was  added  to  each  ice  bunker  at 
the  completion  o.f  loading.    This  bunker  charge  sublimed  rapidly  so  that  thore 
was.  an  early  accamulation  of  . carbon  dioxide  gas  inside  the.  car.  Applico-tions 
of  dry  ice  en  route  are  shown  in  Table  13, 

Samples  of  air  for  gas  analyses  were  removed  from  the  interior  of  the  car 
at  the  doorway  by  means  of  one-quarter  inch  copper  tubing  which  extended  to  the 
quarterlength  floor  rack  position  within  the  ca-r,  ..Samples  were  withdrawn  from 
only  one  position"  por  car  since  previous  experience  had  shown  no  measurable 
ptratifiC'Ution  of  carbon  dioxide  in  fully  iced  refrigerator  cars.    The  percent- 
^  of  carbon  dioxide,  in  the  sample  was  determined  by  means  of  a  Ha,ys  gas 
laiyzer. 

Test  fr.-lt. 

In  order  to  have  comparable  fruit  in  each  of  the  cars  for  examination  o.t . 
destination,  special  test  boxes  were  placed  on  top  of  the  load  at  the  top  quri- 
.torl-'.ngth  centerline. position.    Each  car  contained  a  box  of  non-inocul?-ted 
cherries  and  a  divided  box  of  fruit  inoculated  with  two  important  cherry-deca.y 
fungi. 
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The  fruit  was  selected  from  that  delivered  at  the  warehouse  Tay  two  growers 
the  evening  of  June  19.    The  cherries  used  in  the  non- inoculated  packages  were- 
medium  "bright  to  dark  red,  and  had  an  average  soluble  solid  content  of  17.0  per^ 
cent,  as  determined  "by  a  Zeiss  refractometer .    Ihey  were  carefully  composited, 
and  stored  overnight  in  the  receiving  room  at  ahout  50*^1".    The  following  morning 
the  fruit  was  packed  with  the  standard  douhle-face  pack  in  Camphell  lugs  "by  one 
packer.    The  packed  hoxes  were  held  in  cold  storage  until  the  following  day  when 
the  cars  were  loaded. 

The  cherries-  selected  for  inoculation  were  likewise  red  to  dark  red  but 
averaged  21.5  percent  soluble  solids.    They  were  sorted  and  composited  the  evening 
of  June  19,  Bjid.  were  stored  over-night  at  a  temperature  of  33-35°' The  follow- 
ing morning  enough  cherries  to  fill  one-half  of  each  7  divided  Campbell  lugs 
were  removed  to  the  packing  room,    Sach  fruit  was  punctured  once  by  means  of  a 
sterile  dissecting  needle,  and  the  cherries  then  were  dipped  in  a  heavy  suspen- 
sion of  Cladosporium  (green  mold)  spores.    The  fruit  was  partially  dried  before 
being  loose-packed  into  one  end  of  each  box.    The  species  of  Cladosporium  used 
in  this  test  hn.d  been  isolated  from  a  decaying  cherry  ran d  was  typical  of  that  , 
which  causes  one  of  the  most  serious  decays  of  sweet  cherries  in  transit  from 
the  Pacific  Northwests 

When  these  inoculations  were  completed  cherries  from  the  same  lot  were  re- 
moved froiii  cold  storage  to  the -packing  room  for  inoculation  with  the  brown  rot 
fungus.    As  soon  as  the  surface  of  the  cherries  became  wet  with  condensation 
moisture  they  were  placed  in  an  inoculation  box  and  dusted  with  a  mixture  of  kao- 
lin and  Sclerotinia  (brown  rot)  spores.    Sclerotinja  fructicola  (¥int.)  BehLi, 
which  ca,uses  a  destructive  decay  of -sweet  cherries  in  California,  va.s  used  in' 
this  test.    Immediately  following  inoculation  the  cherries  were  loose-packtedl 
into  the  other  half  of  the  previously  described  test  boxes  and  incubated  in  a. 
large  moist  chamber  at  about  65^^,  for  12  hours.    The  boxes  were  then  stored  at 
32-35  until  the  following  day  when  the  cars  were  loaded. 

In  Addition  to  the  previously  mentioned  test  fruit,  4  commercially  packed 
boxes  were  included  for  use  in  determining  consumer  preference.    The  cherries 
were  frora  the  same  lot  as  that  used  for  the  non-inoculated  series,  and  all  of 
the  boxes  were  double-face  packed  by  one  packer.    Two  of  these  boxes  were  shipped 
at  the  top  quarter-length  position  of  a  car  containing  dry  ice  (H.P,  93588) ,  and 
the  other  two  were  placed  at  the  same  position  in  a  car  without  dry  ice  (H.E.C. 
147), 

PBESSNTATION  0?  EESULTS 
Befrigeration  in  transit 

Complete  temperature  records  of  the  seven  cars  under  observation  are  pre- 
sented in  tables  4  to  10  and  a  comparison  of  commodity  temperatures  at  four 
positions  in  each  car  is  given  in  table  11. 

Pruit  temperature s'^cturing  the  first  36  to  48  hours  as  recorded  in  these 
tables  are  consistent  with  the  fruit  temperatures  recorded  during  loading  end 
given  in  ta.ble  2,    Two  factors  were  responsible  for  this,    First,  thermometer 
leads  were  placed  in  packages  of  fruit  at  each  shipper's  cold  storage  -plamt  the 
day  before  loading.    TfJhen  these  packages  were  placed  in  a  car  the  fruit  fceripera- 
t\xres  at  each  location  in  that  cax  were  uniform  and  did  not  represent  the  raJige 
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of  varialjle  :temperatm'es  found  in  the  fruit' at  large.    After  "being  placed  in 
position  in.  a  car  the  temperature  of  the- fruit  in  packages    containing  thennoaieter 
leads  changed  through  the  influence  of  surroimding  packages.    Second,  the  cars 
were  loaded  at  various  times  during  the  day  and  evening  of  June  21.    They  "did  not 
move  from  Yakima  until  3:15  P.M.  June  22.    Ihiring  the  interim  fans  were  not  in 
operation  which  accounts  for  the  fact  that,  in^  all  fan  cars  fruif  temperatures  at 
the  top  af  the  loads  incweased  and  those  at  the  "bottom    decreased.    After  dop?.rt- 
ure  from  Yakima  the  mechanical  circulation  of  air  in  the  fan  cars  effected  an     ;  •  . 
equalization  of  tflmperatures,  "but  it  required  several  hours  after  the  cars  start- 
ed to  move  for  air  circulation  in  the  .fan  cars  to  compensate  for  the  tempo rature 
changes  which  took  place  while  they  were  standing  at  Yakima. 

Maxira-om  and  minimum  fruit  temperatures  and  the  temperature  in  pack?i,ges 
placed  at  the  quarter-length  center  line  position  midway  "between  the  top  and 
"bottom  layers  are  shown  in  Tigures  1  to  4,  ' 

Fruit  te.'.ipo rature s  in  loads  of  different  height. 

In  the  comparison  of  maximum  and  minimum  temperatures  in  loads  of  three 
heights  illustrated  in  fig,  1,  it  was  necessary  to  use  the  records  of  a  1944?- 
"box  load  (ll  packages  or  55  inches  high)  in  freight  car  N.P.  93154  and  those  of 
a  1576-'box  /load  (9  packages  or  45  inches  high),  in  freight  car  N.P.  93588,  both 
of  which  wGr3  supplied  with  dry  ice,  in  comparison  with  those  of  a  1576-"box  load 
(7  packages  or  35  inches  high)  in  express  car  N.E.C,  147  that  did  not  have  djrj 
ice.    Tenperature  records  of  the  express  car  having  dry  ice  (H.R.C.  204)  are  com- 
plete only  to  Minneapolis  where  it  was  diverted. 

The  data  show  (see  fig.  l)  that  "between  Yakima  and  New  York  City  there  was 
a  mean  spread  of  7,7°!'.  "between  maximum  end  minimum  temperatures .  in  the  express 
car  loaded  7  high;  9.60in  a  freight  car  loaded    9  high;  and  11.6°  in  a  freight 
car  loaded  11  high.    The  express  cars  used  in  this  test  had  higher  minimum  fruit 
temperatures  than  the  freight  cars.    As  shown  in  fig,  1  the  spreads  "between  maxi- 
mum and  riinimum  temperatures  do  not  indicate  corresponding  differences  in  top 
layer  fruit  temperatures  "because  of  the  differences  in  the  degree  of  precooling 
of  the  different  loads  and  "because  the  freight  car  with  the  heavy  load  h-d  heavier 
applications  of  salt  in  transit,    A  comparison  of  differences  in  the  m3-j:iii:rua 
tenperat'ores  early  in  the  trip  {which  are  critical  in  fresh  fruit  shipments)  might 
"be  misleading.    However,  after  100  hours  in  transit  which  allowed  adjustnonts"  in 
temperature  to  occur  due  to  these  factors,  the  following  conditions  prevailed 
at  conpara"ble  location  in  the  top  layer: 

Preight  car,  11-high  load  (precooled  approximately  to  45^*)  39,8^. 
Freight  car,  9-high      "      (        "  '       "  "    38°)  38^1° * 

Bxpress  car,  7-high      n       (        11  *[  "     32°)  37,2?» 

Sxpross  car,  7-high      "      (       "  «  "    38°)  40,9°. 

(All  cars  had  dry  ice  at  the  "bracing  except  the  last  car,) 

These  temperatures  indicate  that  with  adequate  precooling  and  transit  refrig- 
eration, as  good  or  "better  top  layer  fruit  temperatures  were  o"btained  in  a  freight 
car  loaded  11-high  as  in  an  express  car  loaded  7-high  even  though  the  spre-^.d  "be- 
tween the  majcimun  and  minimum  temperatures  was  greater  in  the  high  load. 
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Sffect  of;  mechanical,  circolat ion  of  air. 

In  contrast  to  the  s.'bove  is  the'  striking  influence  of  Jaechanical  circu- 
lation of  :-!.ir  in,  securing  uniformity  of  fruit  temperatures  throughout  a  car 
load,  whether  stacked  45  or  60  inches  high,, as  illustrated  in  figs.  8,  3,  and 
4,    In  the  three  fan  cars  under  test  .the  -  average  spread  between  maximum  and 
minimum  fruit  temperatures  from  Takima  to  New  York  City  varied  from  3.3  to 
4.2°  P.  ■  . 

These  a,ve rages  are  probably  greater  and  more  variable  than  might  have  • 
been  obtained  had  all  the  fruit  been  precooled  to  a  uniform  temperature'  and 
had  the  ca.rs  not  remained  stationary  in  the  yards  at  Takina  for  15  to  24.:;hpurs 
after  loading,  because  after  30  hours  of  movement  the  spread  in  all  cars  was 
narrowed  to  approximately  2°?.    This  spread  was  generally  maintained  through 
the  cool  area  of  Montana,  then  became  slightly  greater  as  warmer  weather  (see 
fig,  5)  was  encountered  farther  east.    Bast  of  Spokane  the  greatest  temperattire 
spread  was  in  K,P,  92069.    This  car  had  dry  ice  in  the  bracing  and  14  it  the 
lowest  fruit  temperature  prevailed  at  the  bottom  of  the  load  at  the  doorway  (see 
table  12).    However,  the  influence  of  the  dry  ice  on  the  tenperatura  spread 
apparently  averaged  less  than  one  degree.:    Miile  the  fruit  temperatures  were 
very  good  throu^out  the  fan  cars,  the  hi,ghest  fruit  temperatures  in  those  cars 
were  most  frequently  found  in  the  top  of  the  load  at  the  south  side  adjacent  to 
the  ice  bunkers.    (Table  12,),    In  cars  not  having  dry  ice  th*  ss©ola»t  portion 
of  the  load  was  at  the  quarterlength.    The  graphs  show  that  fruit  at  the  middle 
quarterlength  position  (half  the  load  height)  had  temperatures  very  near  the 
minimum  for  the  car,  whereas  in  ordinary  cars  the  fruit  temperature  at  this 
point  was  approximately  midway  between  the  maximnm  arid  minimm  temperatures. 

In  fig,  2  the  effect  of  fans  upon  temperature  con.ditions  in  a  heavy  load 
is  illustrated.    The  satisf actorjr  maximum  temperatures  in  the  car  with  fans 
suggest  that  even  heavier  loads  than  34,000  lbs,  night  be  carried. 

That  temperature  conditions  could  be  more  satisfactorily  maintained  in  a 
load  of  1944  boxes  in  a  freight  refrigerator  car  with  fans  than  in  loads  of 
1576  boxes  in  either  ordimary  freight  or  express  refrigerator  cars  without 
fans  is  illustrated  in  fig.  3. 

Fig.  4  shows  fruit  temperatures  in  three  fan.  cars  ;7ith  variations  in  height 
of  load  and  in  pfecooling  and  salting  methods.    !Ehe  fruit  in  N.P,  92069  probably 
was  precooled.  to  a  lower  temperature  tha.n  the  data  in  table -2  indicate,  because 
prior  to  and  during  loading  a  blast  of  cold  air  was  blown  into  the  car  from  an 
adjacent  cold  storage  plant.     The  fruit  temperatures  recorded  in  table  2  were 
taken  before  the  fruit  was  subjected  to  the  cold  air  blast.     The  initial  charge 
of  320  lbs.  of  salt  was  added  to  the  ice  after  loading  and  at  this  time  900  pounds 
of  dry-  ice  was  also  placed  in  the  car.     The  initial  charge  of  salt  was  added  to  .: 
the  two  other  fan  cars  several  hours,  before  loading  was  started.    These  conditions 
resulted  in  a  more  rapid  fall  of  fruit  temperatures  in  N.P.  92069,    At  Helena, 
Ifont, ,  38  hours  after  departure,  its  maximum  fruit  temperature  was  30,2°P,  and 
its  minimum  fruit  teiaperature  was  27*3°,    Por  this  reason  no  add  itional  salt  was 
added  to  this  car  during  a  period  of  83  hours  between  Spokane  and  Dilworth,  Minn., 
after  which  3  percent  plus  50  pounds  of  salt  were  .added  at  each  icing  station 
prior  to  reaching  Bo  me  11 ,  N.y,    This  icing- practice  held  fruit  tenrperaturos  quite 
uniform  below  33.5®  with  comparatively  hi^  outside  temperatures,  (see  fig,  5). 
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C5oinpara"ble  amo-unts  of  salt  and  ice  were  added  to  cars  H,P.  92035  and  N.P. 
92140.    The  reason  that  fruit  temperatures  in  II. P.  92140  were  lowered  more  rapidly 
than  in  N.P.  92035  may  t>e  attributed  to  the  additional  heat  that  had  to  "be  removed 
from  the  6,440  pounds  heavier  lading  in  the  latter  car. 

Tha.3  it  may  be  seen  that  the  degree  of  precooling  of  the  fruit,  the  manner 
of  cooling  the  car  prior  to  and  daring  loading,  the  weight  of  the  load  and  the  time 
of  adding  the  initial  charge  of  salt,  all  are  important  factors  to  he  considered 
in  the  salting  of  ice  during  transit.    It  is  apparent  that  when  frait  is  cooled  to 
a  point  near  32°P.  before  loading,  320  pounds  of  salt  (3^)  may  be  an  excessive 
amount  to  add  to  the  ice  immediately  after  loading. 

The  ice  and  salt  record  in  table  3  shows  that  the  fan  cars  used  more  ice  than 
standard  cars.    When  the  addition  of  salt  is  ordered  on  a  percentage  basis,  the 
faster  melting  of  ice  because  of  circulation  of  air  by  the  fans  results  in  a  cumu- 
lative effect  that  is  difficult  to  anticipate.    The  greater  the  ice  meltage  between 
icing  stations  tha  greater  becomes  the  calculated  weight  of  salt  to  be  added  and 
this  in  turn  results  in  a  still  greater  ice  meltage  between  the  next  icing  stations, 
Por  this  reason  it  seems  desirable  to  modify  customary  instructions  for  adding  salt 
when  fan  cars  are  used.    Ordering  stated  weigihts  of  salt  at  a  given  icing  station 
would  be  a  safer  practice,.  ■  This  has  already  been  recommended  by  the  Department  of 
Agriculture  for  the  shipment  of  precooled  pears  in  standard  cars. 

The  desirable  weights  of  salt  to  be  added  to  ice  in  fan  cars  for  a  given 
temperature  range  is  not  known  at  present.     This  calls  for  additional  study  be- 
cause icing  stations  are  not  spaced  at  equal  distances.     The  transit  time  between 
icing  stations-  on  this  test  varied  from  14  to  42  hours. 

Period  of  fan  operation.  - 

A  record  was  kept  of  the  periods  when  the  cars  were  standing  between  Yakima 
and  Jersey  City,  and  from  the  total  time  in  transit  the  following  data  were  socuir**  ' 
ed:     The  fans  were  in  operation  62  percent  of  the  time  in  transit.    Of  the  38  per- 
cent representing  tine  standing,  13,2  percent  was  made  up  of  comparatively  short 
stops  between  division  points  while  24,8  percent  of  the  transit  tine  was  spent 
standing  at  division  points. 

After  departure  from  Yakima  the  longest  periods  of  delay  were  in  the 
vicinity,  of  Chicago,    Between  Clearing  and  Hammond  the  cars  v/ere  standing  still 
5  hrs.,  45  min. ,  in  a  period  of  7-1/2  hours.    Data  in  table  11  shov/  that  during 
this  period  the  fruit  temperatures  in  the  top  layers  of  the  fain  cars  increased 
0.3°  to  1,3'^P,    Comparable  increases  in  top-layer  temperatures  in  the  standard    '  • 
cars  did  not  take  place  during  that  period  but  became  apparent  after  a  lag  of 
several  hours  at  llarion,  Ohio,  by  v/liich  time  a  drop  in  temperature  had  taken  place 
in  the  fan  cars.    This  difference  in  behavior  is  explained  by  the  fact  that  almost 
imjiediately  after  the  fans  stopped  there  v/as  a  reversal  in  the  direction  of  air 
movement  in  the  fan  cars  which  caused  a  quick  increase  in  the  difference  between 
fruit  and  air  temperatures  at  the  top  of  the  cars.    However,  as  soon  as  the  fans 
began  to  operate  when  the  cars  started  to  move,  this  difference  largely  disappeared 
in  the  fan  cars  but  persisted  in  the  standard  cars.     The  data  indicate  that 
standing  time  totaling  8-l/4  hours  in  the  Chicago  area  with  an  outside  temperature 
as  high  as  97°  did  not  seriously  affect  fruit  temperatures  in  the  fan  cars. 


Ooncent rations  of  carbon  dioxide  gas. 


Standing  test:    COg  gas  retention  in  cars. 


Itudies  on  the  retention  of  carton  dioxide  gas  were  nade  on  12  refrigerator 
cars  in  order  to  choose  eqtdpnent  sxiitahle  for  the  transportation  test.    Six  stan- 
dard reconditioned  Northern  Pacific  freight  refrigerator  cars  of  the  93,000  series, 
three  fan  equipped  freight  refrigerator  cars  of  the  92,000  series,  and  three 
standard  NiH.C.  50-ft.  express  cars  v/ere  used  in  -this  prelininary  test. 

All  of  the  cars  were  warn,  dry»  and  contained  no  water-ice  in  their  "b-unkers. 
Copper  tuhing,  extending  fron  the  quarterlength  floo3>-rack  level  through  the  doo3>- 
way  to  the  outside  of  each  car  was  used  to  remove  sanples  of  air  for  gas  analysis. 
One-hundred  and  fifty-five  pounds  of  unwrapped,  unhroken  cakes  of  solid  carhon 
dioxide  were  placed  on  the  f loose  racks  of  each  car  at  the  doorway.    Saxiples  of 
air  were  taken  fron  within  each  car  and  analyzed  at  irregular  intervals  over  a 
25~hour  period,    !Ehe  results  of  these  analyses  are  shown  in  Pig.  6. 

These  12  cars  were  chosen  for  their  apparent  gas  tightness  as  judged  hy 
visible  characteristics.    UevertliSiless  as  shown  in  fig.  6,  they  varied  greatly. 
Oar  No,  93154  proved  to  he  exceptionally  gas-tiglit.    It  naintained  from  22  to 
26  percent  00^  for  24  hours,  whereas  No,  9372S"in  the  sane  series  retained  less 
than  10  percent  for  the  sane  period.    The  cars  in  the  92,000  series  also  shov/ed 
a  sinilar  variation.      Generally  speaking,  the  express  cars  failed  to  hold  carhon 
dioxide  as  well  as  the  freight  cars. 

As  was  anticipated,  with  no  ice  in  the  hunkers,  air  novenent  within  the  cars 
was  restricted.    Diis  fact,  together  with  the  difference  in  specific  gravity  of 
carbon  dioxide  and  nomal  air  resulted  in  atnospheric  stratification  daring  suh- 
lination  of  the  dry  ice.    Air  in  the  lower  half  of  the  car  had  CO2  gas  concentra- 
tions as  shovm  in  Hg.  6.    Air  at  the  ceiling  level  had  only  approxinately  one- 
half  as  nach,     Ihe  djr/  ice  renaining  at  the  termination  of  the  test  averaged  45 
pounds  per  car.    Ihe  cars  for  the  transportation  test  with  sweet  cherries  were 
selected  fron  these  12  and  were  as  follows:    N.P.  93154,  N.P,  9  3588.,  N,P.  920  69, 
N.P.  92035,  N.P,  92140,  N.R.C.  147  and  N.£.0.  .204. 

Gas  concentration  in  transit. 

Standard  refrigeration  in  4  of  the  7  cars  in  the  test  was  supplenented  with 
solid  carbon  dioxide.    These  4  ca.-s  were  , as  follows-:  2  standard  freight  cars,  . 
(N.P.  93154  , and  N.P.  93588),  1  fan  car  (U,P,  92069),  and  1  standard  express -bar 
(N.R.C.  204).    Concentrations  of  carbon  dioxide  in  the  air  in  the  different  cars  '• 
were  determined,  at  irregular  intervals  duting  transit  to  destination  and  are  shoito 
in:Table  13  and  Pig.  .7. 

All  four  of  those  cars  received  approximately  the  same  initial  amount  of 
solid  carbon  dioxide  (940  lbs,),  and  replenishments  enroute  were  also  similar 
(Table  13,).    As  in  the  standing  test  (Pig.  6)  car  N.  P.  93154-proved  to  be  ex- 
ceptionally gasti^t.    With  one  replenishment  at  Laurel,  all  cars  except  the  fan 
car  (N4P.  92069)  maintained  concentrations  of  13  percent  carbon  dioxide  or  more 
for  the  first  4  days  enroute.    1?ith  the  dissipation  of  the  charge  at  the  brae-' 
ing  in  transit  and  resultajit  lov/  gas  concentration  at  Chicago  replenishment  at 
Chicago  produced  more  striking  results  in  increasing  the  gas  concentration  than 
did  the  replenishment  at  Laurel.    Prom  the  data  in  Pig,  7  it  must  be  concltided  that 
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the  dr7  ice  prolDalDly  should,  have  heen  replenished  at  MirmecTpolis  as  T7ell  as  at 
Laurel  and  Chicago  in  order  to  maintain  desired  gas  concentrations  throughout  the 
trip,  -  ,  .  '       •  ■ 

All  of  the  gas  cars  were  loaded  from  14  to  18  hours  prior  to  departure.  Dar- 
ing this  time,  analyses  were  made  at  irregular  intervals. in    an  attempt  to  record 
maximum  gas  concentrations  in  each  car.    TThlle  all  of  these  data  are  not  shown 
in  Tahle  1.3,  the  maximum  gas  concentrations  found  in  4  cars  were  recorded  at  the 
time  of  departure. 

Satisfactory  gas  concentrations  were  not  maintained  in  the  fan  car,  Bir- 
ing  the  standing  test  (Pig,  6)  with  the  fans  not  running,  this  car  (U.P.  92069) 
compared  favorahly  in  gas  retention  with  car  IT,?,  93588,     In  transit,  however, 
the  latter  retained  approximately  twice  as  much  gas  as  the  fan  car.    TTith  the 
fans  in  operation,  air  movement  within  the  car  is  greatly  increased.  Direction 
of  flow  is  reversed  witli  air  in  great  volume  "being  directed  toward  the  top  of  the 
ice  "bunker  and  against  the  hatch  plugs.     lEie  hatch-plugs,  in  these  cars  were  .of 
the  convential  wood  type  with'  canvas  edging  and  "rt'ere  not  well  adapted  to  holding 
a  large  volume  of  air  under  rapid  movement,  without  considerable  leakage.  Judg- 
ing from  the  results  of  this  test  there  is  some  question  as  to  the  desirability 
of  attempting  to  use  dry  ice  in  fan  cars,    Certq-inly  the  final .  answer  ^awcdts  com- 
parison of  the  perfo nuance  of  a  larger  numher  of  fan  cars  during  standing  tests 
and  operating  tests  as-  well. 

Recharging  with  dry  ice  at  Laurel  and  Chicago  Can  he  strongly'-  recommended. 
The  addition  of  100  pounds  to  each  hunker  resulted  in  a  rapid  acctimalation  of 
carhon  dioxide  gas  v/ithin  the  car  and  the  effects  of  thB  practice  persisted  for 
24  to  30  hours.    A  reduction  in  the  initial  charge  and  the  addition  of  dry  ice 
at  every  icing  station  would  result  in  a  more  efficient  use  of  solid  carhon 
ftoxide  with  present  refrigerator  cars. 

Effect  of  transit  conditions  on  fruit  at  destination. 

Qondition  and  appearance  of  test  fruit  at  destination. 

Car  iT.E.C.  204  was  diverted  at  Minneapolis    The  test  hoxes  in  it  were  trans- 
ferred to  N.P.  93588  and  carried  through  to  New  Yoric.     Similarly  at  Croxton  yards 
the  test  lots  in  U.p.  92069  were  removed  at  4:00  P.M.  July  30  and  held  in  cold 
storage  until  the  time  of  unloading  the  remaining  cars  (hetween  1:00  and  5:00 
A.M.  July  1st).    All  of  the  test  hoxes  were  then  taken  to  the  lahoratorj'"  of  the 
U.  S.  Dept.  of  Agriculture  and  held  at  room  temperatures  of  75°  to  85°f,  until 
examinations  were  completed. 

All  of  the  non-inoculated  test  "boxes  were  opened  on  the  face  side  in  the 
afternoon  of  July  1»  the  da^;-  of  unloading,  and  examined  for  color  and  appeamnce. 
The  hoxes  -B/e re  then  relidded  and  left  in  the  lahoratorj'-  until  the  afternoon  of 
July  3rd  when  final  notes  were  taken  on  color,  condition,  loss  in  weight  and  de- 
cay.    These  data  are  assembled  in  Table  14. 

In  evaluating  these  results  it  should  he  kept  in  mind  that  while  all  test 
hoxes  were  in  the  same'  relative  position  in  each  car  (top  of  the  load,  quarter- 
length),  their  actual  height  in  the  load  and  consequently  the  refrigeration  that 
they  received,  varied  greatly.     The  test  fru.it  in  the  express  cars  wa,s  approxi- 
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mately  44  inches  frdni  the  floor  racks;  in  the  27,500  Vo.  loads  in  40  ft,  freight 
cars  (H.P.  92140,  N.P.  93538,  IT.P.  .92059)  51  inches,  and  in  the  heavy  loads  of 
34,000  Ihs.  (U.P.  92035,  F.P.  93154)  65  inches,  or  one  layer  higher  than  tlie  reg- 
ular loads.     In  the  fan  cars  this  position  was  one  of  the  coldest  parts  of  the 
load,  whereas  in  the  standard  load  in  freight  and  express  refrigerators  the  top 
quartei^length  position  was  generally  the  waimest, 

-OIhe  test  fruit  from  the  non-gas ses  express  car  N.H.C.  147  on  the  day  of 
unloading  was  markedly  darker  in  color  than  ojiy  of  the  other  test  lots.  The 
fruit  appeared  softer  and  the  steins  were  mostly  dry  and  Tsrown,    !IIhe  fruit  carried 
in  fan  car  H.P.  92069  at  low  temperatures  of  alDout  29^-32^1',  plus  COg  gas  was 
the  "orightest  in  color.     The  stems  in  this  and  the  other  gassed  cars  were  mostly 
green  "out  rather  dry.    The  test  lots  from  the  other  gassed  cars  were  all  quite 
similar  in  appearance,  the  frait  color  "being  slightly  darker  than  that  in  IT.P.  • 
92069.    The  test  frait  in  the  heavily  loaded  40  ft.  freight  car  at  temperatures 
of  40°  to  42°  in  gas  (N.P.  93154)  carried  as  well  as  the  27,500  Ih.  load  in  the 
fan  car  without  gas  and  much  hetter  thsm  a  similar  load  in  the  express  car 
(IT.ILC,  147)  without  gas.    This  car  (U.?,  93154),  and  another  car  not  in  the  test 
tut  shipped  under  express  service  and  carrying  475  "boxes  of  8  1/2  row  cherries, 
•^topped"  the  market  of  12  cars  for  the  day. 

In  ■  afi.  examination  of  the  fruit  2  dsgrs  after  unloading  no  change  was  noted  in 
the  relative  differences  in  color  and  appearance  found  at  the  first  inspection. 
All  lots  were  darker  in  color,  the  stems  had  lost  much  of  their  freshness,  and 
were  consideratjly  "browned.      With  the  exception  of  the  test  frait  from  N.E,C.  147, 
none  of  the  lots  showed  an;;-  visiial  or  physical  differences  that  could  "be  correlated 
with  transit  temperatures,  which  ranged  from  sliglitly  under  30°  to  42°^.  in  the 
various  test  cars.    In  other  words,  none  of  the  o"bservers  could  detect  any  "chill-r: 
ing  effect""  or  low  temperature  injury  as  often  reported  "by  various  shippers  and 
receivers  when  sweet  cherries  are  transported  "below  40°. 

Moisture  losses  in  fruit  carried  in  fan  cars  with  and  without  gas  were 
compared  with  those  in  standard  freight  and  ei^press  cars.    Olhese  data  in  Table 
14  show  no  significant  differences  due  to  increased  air  movement  in  fan  cars. 

Studies  on  decay  in  packed  "boxes. 

Tae  resiilts  on  decay  in  the  non-inoculated  lots  (Ta"ble  14)  show  that  the 
use  of  dry  ice  caused  a  marked  redaction  in  the  percentage  of  d-ccayed  fruit.  Bie 
three  cars  in  which  dry  ice  was  not  used  averaged  14,1  percent  decay,  whereas 
the  cars  with  dry  ice  averaged  only  6,2  percent.    The  greatest  amount  of  decay 
was  found  in  N.R.C.  147.     This  car  was  loaded  Trith  warm  fruit  (45^-65°!',) 
that  was  precooled  in  the  car  after  loading.    A  delay  of  7  hours  in  salting  re- 
sulted in  much  slower  cooling  than  would  have  occurred- if  the  salt  had  "been  added 
at- the  completion  of  loading  when  the  precooling  fans  were  started.    The  test 
frait  for  this  car  was  held  7ri.th  the  commercial  fruit  at  a"bout  45°  for  several 
hours  prior  to  lo-ading.     Tliese  factors  undou"btedly  oontri"bated  to  the  high  per- 
centage of  decay  encountered.     The  test  "box  sho^;dng  the  least  decay  V7as  shipped 
in  a  standard  express  car  with  dry  ice  (U.H.C.  204).     In  addition  to  having  the 
protective  effect  of  COg,  ..the  fruit  in  this  car  was  exceptionally  well  precooled 
(29°-33°P.)  and,  due  to  the  low  load,  the  temperature  of  the  fruit  in  the  top 
layer  remained  fairly  low  all  daring  the  transit  period*  . 
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The  decay  lesions  on  th.e  test  fruit  shipped  in  lir.R.G,  147  were  consid- 
erably larger  than  those  on  the  fruit  in  the  other  cars;  they  showed  an  extensive 
development  of  surface  mold,  and  in  handling  on  the  second  day  after  arrival  they 
had  a  tendency  to  ''leaJfc"  hadly.    The  test  fT\At  from  lT,iUC.  204  and  K.P,  93588 
had  coinparatively  small  decay  lesions,  very  little  surface  mold,  and  shoT7©d  no 
tendency  to  "leak,f    When  the  ''fill'?  of  the  test  package?  was  examined  ttro  days 
after  unloading,  the  control  of  mold  gpwth  resulting  from  the  use  of  solid 
carbon  dioxide  ms  easily  discemilsie  eveti  st.t  spm^  ^stance. 

It  is  interesting  to  note  that  the  test  fruit  in  the  heavy  load  with  COg 
(IT.P,  93154)  developed  less  decay  than  that  in  either  of  the  fan  cars  without 
dry  ice  (IT.P.  92035  and  N.P,  92140) ,  despite  the  fact  that  the  tempera tujres  in 
the  latter  cars  were  at  least  8^  lower  than  in  the  non-fan  car.    There  was  more 
than  twice  as  much  decay  in  the  li^t-load  express  car  (1T.R,C.  147)  without  CO2 
.a«  in  the  heavy-load  freight  car  (N.P.  93154)  with  CO2,  even  though  the  fruit 
was  20  inches  hi^er  in  the  latter  car. 

Although  both  low  temperature  and  COg  retard  the  development  of  mold,  in 
the  present  test  gas  was  the  more  effective  agent*    It  would  seem  that  maxinum 
protection  of  the  fruit  could  be  obtained  by  employing  a  fan-car  with  COg;  how-o 
ever,  when  this  combination  was  used  (U.P,  92069)  mold  control  was.  not  improved. 
This  may  be  accounted  for  by  the  fact  that  the  concentration  of  COg  *as -Consider-, 
ably  lower  in  the  fan»car  than  in  the  standard  car  (Pig,  7), 

Studies  on  decay  in  inoculated  cherries. 

When  the  cherries  inoculated  with  the  green  mold  fungus  were  examined  on 
the  day  of  unloading  very  striking  results  were  obtained  (Table  14).    Tlie  decay 
in  the  lots  shipped  in  cars  containing  COg  averaged  only  7,5  percent,  whereas  in 
those  shipped  without  tliis.gas  it  averaged  81.9  percent.    One  day  later  the 
differences  in  decay  bet\veen  the  lots  shipped  mth  and  without  dry  ice  were 
greatly  reduced.    This  is  to  be  expected  since  COg  does  not  kill  molds  but  merely 
retards  or  prevents  their  development  while  the  gas  is  present.    The  lesions 
on  the  fruit  shipped  with  COg  were  small  and  showed  little  surface  mold,  \i4iereas 
those  on  cherries  carried  vTithout  this  gas  were  decidedly  larger  and  had  more 
external  mold. 

The  clierries  inoculated  with  the  brown  rot  fungus  showed  no  decay  on  the 
day  of  miloading,  but  on  the  following  day  all  lots  had  high  percentages. 
(Table  14).    The  fp.ct  that  the  test  fruit  in  iT.R.C.  147  showed  no  decay  on  the 
first  day  indicated  that  low  temperature  alone  (about  40°P. )  was  effective  in  re- 
tarding the  development  of  brown  rot.    Although  decay  lesions  were  not  visible 
to  the  naked  eye  the  day  the  fruit  was  unloaded,  the  rs^id  development  of  the 
rot  dtiring  the  ensuing  24  hours  indicates  that  infection  had  occurred.     The  fruit 
from  the  cars  containing  COg  averaged  70,9  percent  decay,  while  that  in  the  cars 
without  gas  averaged  83.4  percent.    The  differences  in  appearance  between  the  lots 
shipped  with  and  without  COg  were  more  marked  than  the  percentages  of  decay  would 
suggest.    Actually  the  fruit  fron  the  gas  cars  showed  small  decay  lesions,  with 
little  surface  mold  and  no  sporulation,  T\3iereas  the  fruit  from  the  cars  without 
gas  had  comparatively  large  lesions,  with  abundant  surface  mold  and  some  sporula- 
tion. 
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Coasuaor  -pref crerj-co  trial.  •  '  , 

A  cor.simer  preference  trial  >dth  ^^assed  and  un-gassed  frait  was  mado  in  a' 
prolimiao.r:'^  wa3r  'v.dth  the  coo-poration  of  tlio  Great  Atlantic  and.Pacific  Tea  Co. 
Four  coniinercially"  packed  boxes  of  svrect  cherries  conrpara'bls  to  the  regular  test 
lots  wore  vised,    Tvro  of  the  boxes  were  trr>nsport&d  in  a  car  vdth  CO  g.  &nd  tvro' 
in  a  Car  -'ithout  gas.    After  holding  at  room  tGritoerntvircs  for  approxiftatelr  24 
hours,  both  lots  were  rerioved  to  one  of  the  co-npanjr' s  retail  stores.    The  boxes 
wore  placed  side  bj-  side,  face  open,  about  .8  foot  awp,Y  frog  'the -prospect iye 
customers.    Custonors  were  free  to  choose  fruit  from  v^atevcr  box  they  desired-. 
The -results  of  thrs  trial  were  not  as  could  be  s:>rpected  on'  the  basi^  of  **tradc" 
or  wholesalers  preference.     The  custoEor  vas  forced -to  choose  loTgcly  oh'tlio 
basis  of  color,  and  was  not  pornitted  to  examine  the -fruit  for  condition,  'Both 
boxes  of  the  ungassed  fruit  were  disposed ^of  before  any  appreciablo  anoujit  of  the 
gassed  fruit  wn,s  sold.    Neither  the  retailer  nor  the  customer  tfas  acquainted 
with  the     story  of  those  trial  boxes,  .  llEho  un-?!gassod  fruit,  hoirevor,  was 
■^isi'T^l:'  e^A^'kcr.    This  test  in  reoJLity  confirmed  the  often  o^cprcssed  opinion  of  . 
nany,  that  Consumers  prefer- well  njaturod,  dark  colored  cherries  to  the  bright  red 
colored  fruit  preferred  by  the  "trade"  ^  - /There  was  a  grc^it  difference  in  the  ■ 
amount  of  decpy  in  those  two  lots  of ■  fruit  (a-)praximateiy  19  percent  in  tho  un- 
gassed ;-jid  S  percent- in  the  gassed  lot),  the  o^arkcr,  lot  sold  .sooner  th-ja  the 
gassed  fruit  despite  the  greater  r^r^ount  of  decay.  '      .      ..  ; 

DisciTssioK  'mi  sm^-tm--  '  - 

The  teruoeraturc  rccqrd.s  show  that  in  refrigerator  cars  not  having  mechai^-ical 
circulation  of  air  the  spread  bctweon  i^iaxinua  and  nininum  fruit  temperatures  iii- 
creasod  with 'the  height  of  the -load,  o.nd  that  under  conrparablc  conditions  this 
difference  increased  approximately  at  the  rate  of  1^  for  each  5-inch  cherry  cox 
increase  in  height.  The  precooling  of  the  fruit  and  the  anount  of  salt  used  w5.th 
the  ice  riarkedly  affected  the  tonrporatures  in  the  top  layers.-   In  this' test  the 
top-layer  fruit  temperatures    in  a  freight  refrigerator  car  carrying.  1944  boxes 
of  cherries,  stacked  11  and  12  high,  were  fully  as  satisfactory  as  in  an  c:rpress 
Car  carrying  1576  boxes  of  cherries  stacked  7  and  8  high,  notv;ithstanding  ths 
fact  that  the  spread  between  maxinuri  and  miniiaum  tor;pcratures  averaged  ap'oroxi- 
mately  40  greater  in  the  high  load.  .  / 

The  most  satisfactory  tcrrperaturo  conditions  were  maintained  in  fhe  fpii. 
cars.    In  contrast  to  r^x:  average  ta'Tperature  spread  of  11.* 6^ j,  bcti\reen  'tAe  hax- 
inum  :\nd  r-iinir.ujn  fruit  tenrjeraturos  in  a  standard  car^  the  average  tcroerature 
■spread  in  a  fan  cr^r  having  an  equivalent  lo-^d  of  1944  boxes  wa^  3.3^.    After  ; 
ter.Tiparaturo  a.diust.T.ents  during  the  initial  part  'of  ■  the  transit  period,'  the  spi'ead 
in;  this  t'T^e  of  car  was  approximately.  2'^  vrhile.  passing  through  no  derate  tonpcra- 
tures  and,  ap--iroximatel3^       v;h en  passing  thr-^jAgh  waiTu  :weather. 

The  frtiit  temperatures  at  the  top  of  a  horavy  loo.d  in  a  fan  car  vrore'  reduced 
during  irans it  from  approximately  35^to  32'^  F.  The  temperature  reduction, in  the 
bottom  lor'cr  of  the  s^uie  load  vras  about  the  same.    This  suggests  that  loads  even 
heavier  than  34,000  lbs.  might  be  adequ-.tcly  refrigerated  ^in  a  fan  c->.r. 

In  a  fan  car  loaded  with  fruit  having  a  temperature  of  approximatolr  37'^  I, 
and  supplied  with  3  porcont  solt  ir:r::odiatcly  after  loading,  the  effect  of  the 
fpjis  \t.^s  to  reduce,  the  temperature  of  the  entire  load  to  a  range  of  27,3^  to 
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30,2°  ai'ter  45  hours  in  transit.    This  shov/ecL  that  the  use  of  salt  in  fan  cars 
should  "be  govcrened  in  part  "by  the  temperature  of  the  fruit,  at  the  time  of  load- 

The  record  of  ice  raeltage  in  the  various  cars  under  test  shows  that 
greater  weights  of  ice  were  melted  in  the  fan  cars  than  in  standard  cars  and  that 
when  the  addition  of  salt  in  transit  was  hased  on  a  percentage  ^of  .  the  'ice  fuj>- 
nished  at  each  reicing  station,  the  amo-unts  of  salt  added  to  a- fan,  car  were  great- 
er than  those  added  to  a  standard  car.     'Biis  also  suggests  the  desirability  of 
making  studies  to  determine  the  most  satisfactory  salting  practices  to  be  used 
with  fan  cars. 

•The  records  show  that  the  fans  were  in  operation  62  percent  of  the  transit 
time.      A  total  standing  time  of  8-1/4  hotirs  in  the  Chicago  aren.  did  not  seriously 
affect  the  fruit  temperatures  in  the  fan  cars. 

The  use  of  940  lbs.  of  solid  carbon  dioxide  at  Yalcima,  and  a  replenishment 
with  200  lbs.  at  Laurel,  Mont,,  maintained  carbon  dioxide  concentrations  above 
13  percent  for  four  days  in  all  cars  so  supplied  excepting  the  fan  car  in  which 
satisfactory  gas  concentrations  were  not  maintained.     Records  of  gas  retentiveness 
made  in  empty  cars  in  a  strjiding  test  before  the  cars  were  loaded  indicated  that 
the  mechanical  circulation  of  air  in  the  fan  car  increased  the  rate  of  loss  of 
carbon  dioxide  and  this  doubtless  explains  why  it  was  impossible  to  keep  up  the 
concentration  of  carbon  dioxide  in  this  car  during  transit. 

Recharging  standard  cars  with  200  pounds  of  dry  ice  at  Laurel  and  Chicago 
resulted  in  a  rapid  accumulation  of  carbon  (?jioxide  gas  within  the  cars,  the 
effects  of  which  lasted  for  from  24  to  30  hours.     The  records  on  gas  concentrations 
during  transit  indicate  that  replenishment  should  have  been  made  at  Minneapolis 
also  and  suggest  that  the  solid  carbon  dioxide  could  be  used  more  efficiently  by 
having  a  smaller  initial  charge,  and  adding  dry  ice  at  every  icing  station. 

Test  boxes  of  cherries  wore  carried  on  tho  top  of  each  load.     This  fruit 
was  all  of  the  srjnc  maturity  and  was  subjected  to  identical  conditions  until  after 
packing.    Of  theso  lots,  the  fruit  in  the  express  car  that  was  prccoolcd  in  the 
car  after  loading  and  shipped  without  gas  wa,s  the  darkest  in  color  and  looked  the 
ripest  on  arrival  at  destination.     The  fruit  v/as  softer  and  the  stems  v/cre  the 
most  dry  and  brov/n  of  any  of  the  lots.    After  two  days  at  destination  this  fruit 
had  19  percent  decay  and  v;as  wet  and  sticky  from  the  decay. 

The  test  fruit  carried  in  a  fan  car  with  temperatures  mostly  from  29°  to 
32°?,,  and  having  carbon  dioxide  in  transit,  was  the  brightest  in  color  with  no 
apparent  injury  from  low  temperatures.  The  appearance  of  the  test  fruit  in  the 
other  cars  having  carbon  dioxide  was  similar,  being  slightly  darker  than  in  the 
car  with  low  temperatures  but  brighter  than  in  the  non-gassed  cars.  After  two 
days  at  destination  the  decay  in  test  fruit  from  cars  having  carbon  dioxide  gas 
averaged  6.2  percent  in  contrast  to  14,1  percent  in  fruit  from  non-gassed  cars. 

From  tho  stan^oint  of  decay  development  at  the  top  of  34,000  lb.  loads, 
tho  effect  of  carbon  dio:>:ide  gas  in  a  standard  40  ft,  freight  refrigerator  car 
more  thnn  offset  the  benefit  of  approximately  7°?,  lower  teriperature  obtained  in 
a  fan  car. 
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A  retailer-consvimer  test  showed  that,  in  contrast  to  receiver  preference 
for  "bright  red  cherries  from  cars  shipped  vdth  car'oon  dioxide,  consumer  pref- 
erence was  for  dark  colored  and  riper  looking  cherries  from  a  non-gassed  car. 

IFpon  arrival  in  New  York  cherries  inoculated  with  the  green  mold  fungus 
(Gladosporium  sp.)  at  Yakima  and  carried  on  top  of  the  regular  loads  showed  an 
average  of  7,5  percent  decay  wh6n  carbon  dioxide  was  used  and  an  average  of 
81.9  percent  decay. in  cars  without  gas.    After  one  day  at  destination  these  dif- 
ferences were  greatly  reduced.    Cherries  inoculated  with  the  brown  rot  fungus 
(Sclerotinia  fructincola)  did  not  show  such  a  marked  effect  of  the  gas  upon  the 
percentage  of  fruits  decayed.    However,  its  retarding  effect  upon  "brown  rot  de- 
cay development  was  very  s^jparent.    Low  teniperatures  appeared  to  retard  this 
type  of  decay  more  than  it  did  green  mold  rot. 


CVJ  CVJ 

w  J- 
=  ON  cr> 


•d 
o 

8  e 

ti  ma 
•H      a>  (S 


3-  r+v-^^o,QO■^>c 


f^-l  C\J       GO  rTN  r-l  c  n 


X  l^'  C\J  ^  r-l  m  r-4 


«     ----co         s  -d^aoaca 

sovor— cycvi5fl)>^^o H)ciMPi« 
~  CM  w  ^ 


=  o  o  =  B 
VD  iH  rH^       c  O 
CM  W  r-l 


_  cTicri 

O      I  ■ 

o 
H  r 


-  -  nOOOalO  a>H|«C  rjWE  <S  OJ  CVJ 
vaeOKVi-liZiOafcaCVJCVJCVJi-lpClrHrH 


Q  O 
+> 

*»  +> 

•H  -H 


c  s 

B  O  O  =  s 

VO  r-l  iH  J-       «  O  w 

CVJ  CVJ  1-1  E  ffl 
-  -  -  -  to 


tVJ^ 

CVJ  crv 

CTV  rH 


CVJOJMEfJ^ffl    .+i'Jj'cj                     S  5S 

GO             h|<M    -   n>PiO>>B         B           OBB  iO,0 

O  -   -    iHO^OOO  9r4»s  HjctIB     0)  rvj  CVJ  s     gl  d 

(U  Vj3  DO  KViH       !zi  CO  N:  a  nj  CVJ  A  H  pq  rH  H  cE|  « 


HkVlB 

3  tb^ 


rH  00  <0 


V<3> 

cr>c^ 


CT>60^  O  2  • 
-60  a     -  fl  ^ 

I —  CVJ  -    -  CVJCVJOO 

CVJ  irvio  J-  rH  S  P=<  ; 


J-  60  vo  r^c 


=  cr>  cr> 

O   O  rH  rH 

>        O   O  ^  rH 

-I  =  r~-  <D  .   .  0) 

rll(^    -  >H  fl   U  O  4*  e 

rH  O  3  OS  O  (DHlOi: 
t\J>J360K\rH=  >->S^aCVJCVI 


i5tv=  (D  CVJr 
CVJ  rH  (T)  rH  . 


.Q  CVJ  CVJ 
rH       CVJ  if 


O  nkye 
)  rH  60^ 


CU 


CU  rH       O   O  rH 
-3  B    r-  ®     .     .  d 

-    -     -     -    3  -     -  -    t<    >    ^1    O  +*  =  <M 

^60V^r--0>^60rHOpHOaloa>H|«Er*vi=  o! 

cvi  r^rH=55SB:acvjcvjcVJrHpq 


■a 


J3 


1 


*>  ^  o  a 

41    U|  43    d  IH 
I    p,        13    &  . 
O    O  'rl    0)  t4) 

J  Q       o  e 

O    O    O^^-— W-rl 


©  «  O   O  rH 

►  Xl  rH  rH 

4»  pt,  4> 

on  C 

la  t    I  o 


4J  4* 

'3)'3|.H 


()n4>  tii)  U 

H  Tl  -H  -H 


1^  ^ 


'  43  o 
I   (4  -H  o 

I  P)  CO  K 


M3 
O 
CM 


o  w 


eg- 
3 


m  0>        r— iH  CV)  fH  r-l  ITV  W  so  r-l  l-t        iH  J"  J"        iH  <r>  iH  S5 


P4 


»   3  W    5  O  hO    -  Sb  O  3^r*«r-| 

ttata'^t^wcvjr-icvin'-iinsr 


cu  a<  (Hi  o 

-     -60  O 


•a 
a" 

r-to 

<0  N 


OV*  CVJ^  3  60    I    «60'»DlCy  = 

Rl  t<\^  6o^^a^c\JMt<^^<^^'^CM 


cvj     a,  ( 


•a 

3" 


w  1  -  - 


r-l5  n       ITiCVJtO  iH  r-l 


O  O 


r—  M  cr>  cvi  a  iH  t«v:*  ro 


•H  At 

*^ «  s 

O  60 

o  O  ro  ir\vo 


a  W      r^H  C\rH*"t2iS  'iH  iRcvj'tO  H  H  "  lrvK\it  BOH  a\f^t>^^if^V\ 


-H  n 


3"; 

eO  <7MH  K 

I   I  I  Hw" 

H  H  fH  rH  l^^t-r 


I 

60 


a" 


o  u^>-o  M  H  r- 
..  r— ir\>^     |i- K  to  p- 


A 


^  r*.  ^ 

®  ir^  ir>  ir\^0  ^  iH  60  a\ 
,  a  »  ..  t—  ir\vr>  ^  1^  H  K\    o  K\ 

|t5p-K)CUrHK\mr-4irv(M60rHi-4 


IT 
O 


a" 

iH  O 


a  B       1-1  H  K\H  fMJJ  iH  ir>(\J  60  i-l  H       KAVD  iy 


&  s 

4» 

Vi!)  « s  o  o 
o  o  o  ^'^     ir>  to 


4>  o  a 


•3  aa  s  -l|^::;3tfa 


•1  . 
«a  >  Ik,  o  o  CO 


on     o  o  nirvioMOO 


I — o     p  <tn  ct\^  va  q  q 


800  cvlio  O  Q  Q  Q  O  f-  O  t— 
tor^  a>^  w  o  o  Q  p  r*-  r*^it 
o  to     ir\^     M^mK\5o  w  In    o  10 


CM  OJ        OJ  C\J  rH        rH'jS        OJ  ^ 


00  00 
i^t^  K\r<-> 


s  s 


CM  o  C7\r- 

J*  rH        rH  iH  iH 


^  CM 
CM  i-l 
CM  IfN 

^  to 


r-^  J-  H  O  O  K> 


00        Q        ITMO  OOOOO' 


o  o 
Eoln 


o  o 


O  O  Q  Q  Q  I 
-,Q  O  O  O  1 
05  W  O  60  I 


O  ITN 
5& 


ITn  t<>VD  60  O 


9. 


8  a 


O  O  I 
r^Q  ITM 


IS 

H  CO 


O  K\ 


O  O 


\r-co  ox::*-  O 


8ir»Q  o  Q 
i*-Cd  too 


t  Q  O  ir\  u^O 


O     O  eo     mo  r-K\o 


^\J^  CO  <T\^  J- 


O  O  ITNO 


rHfU  rOCXJfHrHrHm 


■  50  (r«  ON  o  r^"^  to  o     r-  (\i  ctn 


VO  V0  VO  VO  VO  <^  «^  VD  ^  *^  V£>  \0   O  rH 


9  O 

Pi  -M 


*3  4*  aj 


®   (6  rH 

of  a  3 


h  rH  • 

CO  <4 


rH  CM  r*^ 


r<-»SO  so  CTMSO       irV*  t\JW^^Wr^Wr^^^I-^C^j>^I4cMC^JcOc^j^AtAc\joJ<^^C^J  l^<6 

voirvocTvt-iONOO  irv;*vD  mo  irveo  o  o\mtHj*  <r>>-o  rHcr\t~-r--f^ocvj  omoo 

rt.g>0  CO  O  O  CVi  K^^^t<^t<^(A;*^  lA;*  tAt'V*J*  tVieii-JrHi-Jr^rHrHrJrHrHCxj 

t^CTif-i^r-r-oj         irvj*  ir>cr,BO  r— ^vo  t—wj  rr<,ir\t-i^ ^  crvov*  ctm-i  t— «h 

mr—K)  <r\co  h-M5  mirMrMnvij  irMTMrsixMrwo  ir,ur\t<-\^ ^  ^ ^  tr\jt  ^  into 
l^r<^^<^^o^<^t<^r<^r^K^rot^^^^^t<^t<^t<-^^^r^t<^t<^^|^^<^^<^ 

>J3VO  O  O  OM~-J*  O  mvo  ir>OOi-lCM-:*0>J3iHcriCT\r-tr-4£y^rHlOlO 

(TV  so  rH  ^<^'^^>  t^?o  k\  ir\^  >^  o  into  t\j  cr>  jj-  c\j  r<^vo  r<M— oor^'-oinoi-i 
^<^l*^rnr<^r^r<^^<^l<^^^r^r<^K^K^^^^f^l*^^<^t*^r*^^'^^|^^^^<^^^^ 

vo  mcr>cr\F-i  r^vo  o  ep>r-W)  i-i  a\t~-^  mh-t— h  .niHjt  r-i^  r~M>  cr\ crv <Tv^  <r> 
rH  cA to  DO  o  i-i  cy  rA^         J-  muMn irMnm irsvxj  ir> m rA:t      t<-\ r<N cvi  w 

OCr>OI — -^CTtOOVDV-DOrHr^mOfHh— CTtCO  f»^VJ3  m  <t\^  >-i  o  ^  to  to  o 
t<~>0  O  g^O  O  <M        r<-l  KVJ-  ^  J-  iriUMTMt  J-  J-  inj*^  £\JC\JI<^C\JC\JrHr-(rHrHC\l 

l^^<^r^^Mr<^^<^l^t•^^^t^t'^^o^^^<^^^^^l<^^^^<^^'^^<^t^ 

criCTiO  1^  in  K)0<OivO+^r~-f^cy-=)'Oir\r-iijr\t\jcMC\jojc\jh-f— oruopjo 
cu  inuauS  I  >-o  i  ^  in;*  ^  ^  ^        J- ^     in^^r  k>  tA  cO  cy  c\j  m  rH  r-i  rn     c\j  r<^ 

CT\vD  rH  o     cvi  o     in"^  inr— u3  irva-  r<->t<-,c\j  m  r^o  mr<NOi-<OM —  h—ooJo 

inr-iso  oMso  t»-r-r~vo  mr<Mn  ir\M3  in  in  in  in  in  uv*  ^  c\j  t<-\^  ^  cj  cvj  c\i  ^  ^  vo 
f<M<~> r'^ t<^     r<\  r<-» t<^ t<^         ^'^ t<\  r<-> r<^ r<^ t<~>  r<~\ t<-i t<\ 

«)<r>r«-i<M —  cMCTvKJ  c\jineoini<Ai-iHO>cnw)<r>r^  r— vo  jrt  t^r>-\  t— vd     co  o  ^ 

J-  1^150  OMSO  p-  m  in  inj-  ^  ;*  in>-D  uv*  ;*  ^^3-  ln^<^^<^tM  r<vS"  p'-vkmxj  c\j^  J-  to 
^^^<^^^r<^K^^<^l<^r^t<^^^r^r<^^o^'^r<^^r\^l^^«^r<^t<^t^^^r<^r«^K^ 


r-^         i-t  c\J  cvj  H 


I    I    I    I    I    I    I    I    I    I   I  I 


I   I    I    I    I   I   I    I    I    I  I 


r-(  PJ  Cr\>-0  ini-(  r— i-lc=lrHCr\K)M3PJVD  t— CO  K\B0  O  ONOVd-  <r>H  r— r-l  iH 

^  r—     ISO  r—  r—ui     in  in  in  in  in>-D  inin  in  ininvo  ;t  ini^-v^  ^  ^  ^  into 

C\J  to  C\J  r-MJ  l»OO^OI~-OVO^^^i-)CUr-<UD<T\rHVO^t^f-l  a\j^  UD  r<Mn  SO 

in  r—  lo  bo  vD  in  in  in  J  ^  f-\^     in^  j-j^^^^c\iro(HC\jc\jcyrHiarHOiCNjin 

r<-v*  ^j-J-vo  e-i  1-1  I —  r-i  ^  VD  ininOoOV£>^inr<^crv  in.*  u>c\JUJvr>vDO  r— i~-c\j 

c\lC^J;S■M^^^r<^^<^c\JK^l<^c\J  J-  in  c\j  fo,  c\j  c\i  OiH<r\fHrHi-iooc\iiHC\ji-i 
OJ  c\J  CO  cu  rf>t^i^r'^K^r^rornr^f<\r^r*^r^ror^r^r^r<^OJ  r^h^f<M^KM^ror*^r^ 

VO  <\J  inU)  ^rHC\iOiHCUI<M<->  r— J-  C\il— OC\JMC\lCvU-f<MMVO  0\J-  rH  O  I —  CVJ  * 

1-5  c\j  1-5  o  f— 'J3  vo  ^  in^o  J-  i-D  in i^v*  inMS <^  ir\ c\j  in*  *■  in cvi  o  r^r^  inu3  r-i 


5-^ 

O  a>  I 


CTN  t—  r—  to 


s  siv^  s  §  3  ^  e^fe  g  ^  e>>fe  5«>s^s  ^  ^    g  e«.fe  g  §  g  ^  s  ^  s  g 

rH*-  cu  K\po,o  O*  o  CVJ  h<~\rM  hr\C\j*  f^t^^  r-i  ^  3-  fv*  rno  r^ojf  OO  ^'^^«^0 
iHwinwt-^cjr-^cuMcGi'^Moincvj'jjcvjcocvj 


i-ic\jojc\jcvjh^KM^  Kv*  in  in  invo  vd3v^vjDr--t~-r--toco     en  cr.  <r>  o  o 

c\icvjc\icvicucvjcvjcvjc\ic\ic\j*ic\jc\jcvjc\ic\jcvjc\jc\jcvjcu  _e\j^^  oj^  ^-^^-^-^-^-^-C^ 


4*  iH   O  O  111 

s  I  s  e  t: 

M  »^  m  a<  u  M 


a6 


a 


w^^dlAwot^lArAcucOwc^JC^Jcicuc^JW^Acl^wcvJC\J^^cvlw 


ir>K)OC\l(\J<riO-*C\lr^Lr\KAOCV!l0^1iOrHOr<-\r---»— ir>r-IOOCVJrHCVJC\J 
ir\  rA  Cr.  O  iH  J-  lAui  ^  VU  IJ?  r-^  l~l  in  in^  J*J*^CVIrHiHrH(\JiHrHi-IOrH 

^^^r<-^t<^iu^<^^^^<^t^^•■^K^^^^K^^^r^^^r<^t<^^<^^^|<^^^^^^^ 

1^  1-1  i~- r-i  mo  ctmh  <nr'>o  t\icviot~-otoowoc\jmi~-r>-«Ji-iino 
t<^^  ^Ta- if  ^  ^  r«^  ^<^  i*\  r<-\  t<^  ^•^  r<^  ^^     f«-i     ^'^     r'>  r<^     K^  r<^     K^  ^<^ 


so  60  60  r-->J5  VXJ  V£)  r—  f— MD  UD  VO  I —  r~i^  in  in^  (MWCVlKJiCMCVJCMtHCM 


inot<->i^cvicvj«)t<->t\joino«oooor-o*oooo  urv:t  <h  r-so  bo  so  bo 
r-BO  t-^vo  rHr^i~-B060BO»OBoeo<r>BOBor^r— ^-^-lnWl«^^r^^<^^r^^f^cvlCvlK^ 

t— BOO  (\)c\Ja\oJ-  c\Jt<->o  (TiVD  Bocvjr-io>c\jK\cuc\ir<~\cr>(VJO(rir--c\jcviin 

BO  \C\tr\asQ  r-K  ^  m>J3U>  I — >-D  t-- 1 —  I — M3  V£>  UD  inCVJ  t<~\  t<-\  CM  rH  CJ  C\J  CM  r<-» 
r^r^roftl  r<^t'^l*^^^^<^r<^K^t<^^<^^^r<^t<^K^^^K^l<^^^^^^^t«^^^r^^^l<^ 

mcvjBOBoc\ioh-Boovi5ocrir<^j*or— or— cviiHr— Or-ia\K%omo"^m 

r-r—iniA^  ininuj  t^vij  r~^M>  r~-t^r^v^>~o  ininiA.:*^  rAojoji<ir4cOrHC>j 
r»^r^^>^r<^rot«-^^<^r^r^K^t^K^K^^»^^^r^r<^r<^r*^^<^r<^^^r<\t»^^ 


C\)mr>-t\IJ*(\IOKSB0(VICUi-4CMCMOB0OCMOCr\C\lCMt>-r^CVIOCMK>CMC\J 
BOBOI^B0  60  60  60BOt— r— t--r«^r— r-  f— VO  VO  in  in^  ^K\CUrHOJiHr-lrHOi-t 

^'^r<^^»^^<^r<^r«^r<^r<^lor<^l«^t<^^^r<^^<^r<^t<^^^l<^^^^^r^^^^^ 


t^ineoCVIWCVICVJ  OO^r-IO^K^O  CM  CM  rr>CM  mtM^iH  CMCM^  f~-l*-C\JO60B0 

i~-QiHf<^CMCMiHr-4cricr»BoiOCT>cr><!0  r- 1— VO  >.D  <J5  lnr'^^  rrv*  t<v*  k\cm 
f<^ J ^j-j*^^^  ^<^^<^r<^l<^^^^^^<~^K^^<-^l<^r»^l^r<^^^r»^l<^^<^^^l<^^<^^<~lK^ 


o  ^-CM  KNr-ind-  CM  K\m^  rrtiH^  i-ivd  KMnr<~\t^KVJ*  <r»<j\a-  CM  o  r<NO  o 

criQi-ic\ioocri<r\60i —  r— r^BOBO  r— vo  m  in  irv:*  cuc\jc\jf<^t<\r«^ajc\jr<~\ 
Kvj^  J  l*^r^r<^K^f<^r^r^r<^r<^K^^<^^^t<^K\^ol^^^^^l<^^'^t^•'^K^K^ 


BO  r—  inj*  t»>r~-o  bo  i —  mm k\ o  i-^^  vo  o  iH  o     r— ^  m ih  r^mBo  f^r«^Bo 

B0QrHCMrHOC5~>B0  h^VO  >^  VO       t^vO  in  mj"  J*J*CMCMiHrHeMi-(rHiHOi-t 

h^JT r<^^<^t'^K^^|^r<^^^^<^r<^^ot<^t<^K^^<^^^^<^rAf^^«^K^l<^r<^^^K^ 
mh-H  I— i-i  r-mr-vo  t~-ino  vo  ri->i-iinH^rHVOe-imcMr--Oi-iino 

CTi  rH  r«V*  rAcMrHC5<r>B0BOBOB0B0r— 1-^  t^VO  VO  VO  m  CM  ^  ^  ^  f\A  rA  lA^ 

A  A  ^  A  A  A  K^^^t<^K^K^^^r<^r<^t<^^<^r^K^^»^^<^K^^^K^l<^K^^^K^l«^ 

t~-K><rirH  I — 1-— CVl  mCM  O  O       rH  t^BO^  60  r^O  mr— h-BO  CM  m^       rH  r— <n 


EH  m  o 


rH  CMK\t--OJ  h-rH  mOVO  cr>VO  VO  OrHCMVOCTvrHCMrH  mvo       mvO  VO  a\  CM  rH 


O  mr^rHvD  mo  K^mr<^^<->mmBO  o  o  K\r~J-  <7\^  >H  k\vo  ctictvO  bo  cu  rH 

o  VO  mj-  o  VO  cT\  BO  mvo  r—  m  ro  mf<-\mmm  m^  rnitmr^mr^ocMCMm 
in^J-  ^  -=r  ^  K^l>^l-^^^^»^f<^t^^<^r<^^^t<^^<^^^t<^r<^^^r<^^^^<~^^<^r<^r«^K^ 


■  EH 


I  BO  VO  mvo  to  ^  J- 


-J-<7N«0CMmOCMrHOh-«0<I>  KNVO  BO 

-r-mvo  h-vD  r— BO  bo  bo  crvvDvo  on  r—  to 


rvir^r^OO^OCvit^rHK^cvi^r^t^rHJ--^'  Kv*      o      o  xr,  o  O 
6^tMmw^^w^^cjwpj|^lHomwvowM  o>vo     cm  60     6^  ih 


o  rvj 
(d  cr 

«  rH 


rHCMojcMCMK%K\r<-\  r^-vS"  ^  ^  ^  m  m  mvo  vovovo  f—  r~  f~-  to  bo  o^o^<T^CT^o 

CM(MNCMCMCMCVJCMCMCMCMCMCUCvJrMCMCMCMCMCMCMrOCMCMCMNCM(\I(MK\ 
VOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVOVO 


a  M  ^  n  o 


MS  J*  r— ^  CO  o  iH  o  iH  BO  fH  irit<->r-^  w  o  iH  k\jS-  a^t\llr^w^<^a^l»^^c-l  cr\<r»t^wj 

5-^  i  i  ^ K  tJ^  is;^  si>  ^  W 

Hl»f-lh^Cri<rir4»-DI— CM     ■K)U-vCOl<->l— ortWV£)rHO  r^V*  OlTvt— HtOiHMiHiH'JSVOCVl 


>-D<J3t^tlO«J60<X>>J3CVJ60  \r\^  l<\VD  60  CM  K)  CTl^-D  «3  O  K)  O  ^  VO  Vi3  (Tl^  V£>  V£)  CO  SO  CO  O  ^  ^ 

i^' i  i  ?!  ^  Ifi;^ pi>  pi  S<  !^^^^^  f?;^ 

oiTir-cor^eocrvCMwo'-o  r— vd  cm  to  r«- ^<^f^v£)  o  >JJ  CTMfvi-  rH>j5r^cr\to50  f<M«~vO  cr>^^ 

i  5ri  i  ^    s  ^  ^^^^  pi,       si.  pi;^^^^^^^^  p^; 


\CM  iH  r'X*  cricy  iTvCM  r<-»cr>«)  fH  cricr\h^>^ 


^      r^CVlCMOOlCMWOCMO^  r<^>-D  Ovr>OCr>OOVOtOWtHCMOI>-r-rHOirM-ltOO«)rttM 


I 


1-1  J-  ir,>-D  CMJ-  r— tM^  i-l^^<J360  ir>0  IfV*  iH  l-- iH  CJ  <J3  CVJ  CTiCTv;*  OV*  O  ITiCvl^  o 


O^'^^cviOiHOi-i  rivd-  ifv.:*-  t<M^o«)cvj«)t^ocriiHi-icriCviK)  ^<^vo  oj  oo  r-vx)  o 
rr<,Kj>  r— >j3  cjo  rtrHCM  t~ir»«)  60  r~CM  CM  if\tovr)r-)vj3'X)cr\CM  r-ot^o  0;4-^CM  eoo  r<^<T\ 


fVa-  KJOi-ir— rHVOOK)^  irvd-  iH  IJ3  r>->J3  cH  60  MD       O  fV*  60  ITNVO  WBOfHr-trHVOVDVOCM 


H  cr>M3  rAr-rrMnh-oj  KM«->h-oM^H  hao  ir>r<-,rH  h  cr\^  so  cr>vD  r-r— h-cnn^  CT^CM  <j\<y\ 
r<~\u3  CO     r—  Ki\  irv*  o  uMr\  i— vo  1-4  co  aj  cr>  cm  co  6o  irv*  j-<j\oir\CM60  6oocvjvorji^Dcvio 


j■l^l^A^u^oj6^Wl^(^j|~^0J60Wl^^l^6l^ 


l-lI^^Me\lCMCMCMCMCM^|^K^^<^  Kv*     jj-  J-  icMTN  invD  vo^D^D  I — I— r~-60  60  g^CT^o^g^o  o 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMtMCvJCMCMCMCMCMCMCMCVJCMCMCMCMCUCMCM  r»M«^i-l 
^  ^  ^  ^  ^  KD  ^  ^  ^       ^  ^  ^  ^  ^  ^  ^  ^       '^'^O^  ^  ^ 


J||||||L|^|il||l|f|i^||lll 


^^^^fflo^oo^<^\o<T^o^^»c^^CT^<^^o^c^^c^^a^o^«)«o^oo^cT^ooooo^^o 


o 

CO 

in 


IfMtMTvO  t 

r^r^cr»cvj^ruioc\j<JOrH  rt'-o  o  o  i-i  r<^'-£)  irv*^  irirHrHiHr'A(T\60cr>K% 

QQc^^cr^^OM^— ^»c^^^o^~t^^»<J^wo^c^^cr^c^^CT^c^^(r^CT^a^c^>gQQQQ 

r-<.0  ir\C\JOCriCTNOfHCnmOOOrHrHC\JC\JK%  f<->^  ^  ^  ITM^  KV*  K\  t<-\  K\ 

^'^^<^t<^t<^^<^^\l  C\i  K^K^c\J  i\j  r<^r*^^^^t<^f<^t«^^o^^^^^^^^^<^^^t<^^^r<^^<^K^^>^^|~^K^ 


r-iOiHir\Hi-iir>cvj^  c\jr^ir>Boir>wc\jr--iHi<>oo  r^crit— t»-iocT\<r>'-o  o 
Qcr>t^rot\jc\JOc\j^  CM  t<v*  in>^D  urivo  vD        co  to  M  r— in  ifMn  UMrnrv  ic\<o 


I    t    I    I    I  I 


oMio  mo  to  r--to 


t^  r<->  ro    CO  cvi  CVJ 


CT^a^sooocog^o^a^g^CT^g^ooooog^o^o^oooooo 
c^Jc^JcucMCMW^lC^IWCvlW^<^t<^r<^^<^t<^w 


CVI        CVJ  Bjj*  K)oJ-w)»Ci<ri«iKM<^MSO(r>iHCVjr~or<-»cvj<J360^r-eoso(na> 

<n  w  to  uW  kW  iA  oj  cO  cvj  tA  tA^  tA  tA  rr\^  ^  ^  uW ^  ^  ^  iriiA lA  lAvii  lA 
r<^l<^K^^'^r<^^<^l<^^r^t<^^^^^"^^^^|^ro^<^^|^l'^r<^r'^l<^r<^r<^^^ 

ovj^^^  <r>«>  iricy  r~-CM<J5  ir>r^r<^t~-c\j^^<J3  o  cvj^J-  cvi  h-cniH  o  ifv*^  <rv 

CO  CO  to  r— vo  vD  r—  to  i — vd  r— «)r~eoeo«oto<r\cricrvo\cr>to<r>QQQQOQ 
to  K\  ^<^  ^<^  t<^  r<^  K^     K\  t<^  r<^  r<^  r<^  t<^ 


Ln'J3  Cri«OrHCVJBOCVIK)>-ir~  r*\^  H  VJ3  O  O  r-t  r«~>VO  IfV*  ^ir>i-lrHHHiriS0VOO 


I   I   I  I   I  I  I 


I   I   I  I   I   1  I  I 


O^l0C\JJ-t0OCVJH4r\CVJH  O  ITl  H  >-l       r-l  KV*  ^  SO  ITNU)  r—  CTV*  J" 

o  ON  cTi  CO  r—  r— .1 —  murvm  mvo  U3>^r— r— 60cocoK)r-cocncr\cr\Qoc?o 
^  t<^     ^rv  K^  ^<^    t<^  » ^<^  to  t<A  ^<^    t<^  r*^     i<>  1^     ^<^  t^ 


o  to  o  i-i  Kv*  mroir>t<^ror<^t<^f<^c\j  ir\  r~  to  h  to  eovo  ^<^r— m3  r— ^  r<>r<^60  to  r— 
^^>^<^c\l^^I-^c^JcvJJ■  ir>^^ir\<J5  r—t— t— r-r--60  co  r-t^io  i^co  cr\iiocog> 

OJCMCVJCVJCVJCMCVJCVJCMCVJ  CVJ'CVJ  CMCVJCVlCVJCVJCVJCVJCVJCMCVjrvJCVJOJCvJCMCVJCVJCVJCVjRl 


CO  r<~\  r— J-  ^J^oocM^^Ot<^r»^^-cotovJ3lot«-^K)^o^o^<^r-u^cM^<^^^toM^lo^^ 


J*  g  to     cjN  Q 


ovr— r— i-i  CTiiiO 


1^ 


.fee 


I  &vfe  -  3  S^S  S^&vfe  3  ^  e^fe  ^  e«vS  ^  &  3  s»vS  fe  g  fe^ 


O  t\j  ir\cv)  I 


e  c\j 


iHC\j  c\jcvJc\ji«^fOK>  ^  ^  ^  in  iTv  inuj  ^kd<o  t-~i —  r—  to  eo  criavcr\CT\0  o 
cvjc\icuc\jcvjc\jcv)CvjcMCvjcvjc\jc\jc\jc\jc\jcvjcvjcvjcvjcvJC\JCVJCVjcvicMW<yw 


i-i  h 

>-3  n    ^  u}  u 


>  »  I     a  a  C 

01  iH   ^   01   Q>   01  Q 


1  a  «  >^ 


O  rH    tl  -H 

U  H 


i 


^         oj  to  <j\     c\j  60     <J\^  o«)ir\ir\ocrvf»\r-^u3c\j^o  r^cvjr—o  c\jcjvor— cr\ 


13 

ill 
11 


r^co  r-i  H     w  H  urvjs  K^^o  cvj  to  CTMH  so  r<\criO  1-1  H  iHvu^  CTiCTiKJiO  rt  1-1  eo 


to     to  in     to  >X)  so  to  so  .|^^o^CT^«)  iH  r-vo  o  rH^^  >J3  cy  to  VD  eo  ir>r<v*  r^oo 


i 


ir\a-^  ir><D  CM  irMrveotovor<~>o^v£>  (t>»»-^  o  ov^  o  O  ca'^ch  cr>r-(ri>J3  to 


13 

ll 

ilii 

II 

Is 


CM  o  i£Mr>     r-KMr\r<>u}  CM  so  o  r-i  K>eo  so;4- H  so  r-i  H  r^M^vo  I-l  crih-i-<'^  cr\ 


crivDcr>ir»     cTiviS     iri  cm  cm  <r\  on  o  O  ^  CTi  irv  cn  CTi  o  ^  rn  >h  cr>  CTMrMr.  h  to  rt 


CM^CMrHiHSOCMCM  (Tl  »>  J-  t<-^r^CMK^CJ^r— ^l^OCJ^CM^lr^!r^OCM^0Or<^S0CJ^ 

^^ddd^^^5>^s>s>s>d^ddddsddss^^d^^dd 

iTvr-so^  sou> v^vij  irva- <J3^  t^iH  BO vD  <rit--ir\iii >J3  ho,o  CM  cTiO  so 

rH  CM^  CM  CM  ©"-O  r— t<\CMCVII«M--CMCMO  r-^  O  >J3  U3  ^•^t-•^  C3^^«^S0  CM^ 

ii44d4s>ddddddsssss^?^^?^^ddsdddd. 


k 


i>ocMir\(<-i     r^cM  H  ln^<^r<^o  o  t^^<^H^o  K^lr^^r^^<^^^^tr-l'J3  ir\r^oo  r<^p-t^(ri 


)  VD  CM  ir\ 


' is>5>^ss^^sdd§sd3^^sd^5>s>4s>^4 


ill  E?>KgS?&R: 


II 


\£)'JD        h-Co^  t— r-iTiCS  t--vo  r--<o  CO  r^cr>>^'J3  o-i^-r— sovo 


E4  E4 


=    S~    CQ    d  t4 


llllllll 


J5I 


o  ■ 

O   €»■  O 


o  P  a  p  V] 
»  p  (S  P- 


0^a^o^a^o^c^<T^c^>o^(T^o^<T^c^^o^CT^CT^o^o^o^ 


K  ^1 

la  « 


-joiiO>jiOMi-'t\JV>Jvji-rr<r\ro^prTorv3  -irvn 


0>^vDVO(»c»-j<rv*ri\3i-'(-'i-"v>)vj\  crv>J3  i-" 
\o  K  on  cr\vji  vot-'v^(-'vji4^oai-'i-'  VvD  vji  a^^J^ 


^  -«I  CTv-J  c^<Jl  vji  vji  ^  4r-  *r  jr-  jryi  en  -Pvar  M 


Vj*o»v^oororv>rv)vj3i»<rit\3V*icrM-'  cr.--J  oa  en 


roroi-'00>>0oa090a--j  a>— -i  oa     o  4r\ji 


v>jVjjv>4v>j>j4ron3rv3rv3roror\)roruvj4\j4v*iv>iv*i 
roruro  H>o>-D(»09-j-~icr\  cr>— -i     o  -trvji 

DO  09  O        00       CO  0>VD  O  O  C«  W  Cr»       0!1  <rvVj4  vji 


v*ivji  oavjivovji  ro  t\3v>j  oovjiVjJVD  oa  .prvrf  cnvji  o 


-P"  c»  en  o  cn  o  — J  oa<->*  oaro  oao  ovc  ro—j 


-J  on  — J  —J  ctnui  vji  ^  *r  4r  *r\ji  vji  cr.  cr\vj) 
— jovji  pi'Orororvjvov^ooii-'  -p" ro v^a  —j  ^ m 


^  fu  VJI  -J        oa  cTivo  oooaoac^^c^^o^ovJlo^ 


vjivji  cncr\cr\<ncr.cr.-j--j  oa  oa—jvjivjiv^v^j  ro  ro 
v>j  oa  o  — I  cnvji  4r-criOV>400v^(»  cnOi  -«i  vd  vji 


• 

o  o«5'.5>>ovfi  (»oa-4--i->i  (n<r>ON<rvV»iC}ivji  *r4r'4r .^rv*i\;j5<a  Kj  («     K)  m 
i->  CO  vo  ^  oa  ro  )-■  <r>voo<  oa<.on}oirocr>rovjioi-''^r\}oanj  a^-J  wvji  m  on 

g  §  m%  1    III  g^l^^^  ^  ^  ill^^i 

CfJ -~J  —J      ON  CnVT)  — J  09  0»  — J  Cr\— 4  CT>VJ1  —J  —J  -C"  (T\-~J  fr  ^<T\  CTiVJl  09  Qa  VJ1VJ1  ON 

cn 

H- 

O 

II 
f 

>3  B  O 

i  s-r 

vjj  ro^-.JVjjv>j  Vjjv^vjjv^  ruv>i*^v>iv>jv>iv_.4v_.jv>jv>j  ro  ro  ro  ro  ro  tv  rs)  xr  4rv>j 
pvD  -fr-p  M  4ryiy<  ro'jj  Mijiyiyi  *ryi  h  wyj  cr>       vo -3  «>  vS  P  Rjvii  +r 

o  hfJ  ►a 

PI? 

i 

ro  ov>i  o  o  Hvo~4V><-~i<jivn  b  o^  mv>4<ji  *ro-i>-'b>jiH-'<!>n!»iCMt»'ji<»<ri 

VSVJVi^^^>S^'^VJV3«VS>3'rS^^^^^8«^"^^iS"S^^^^^ 

PI 
II 

^1 
If 

•  1 

'rS^d^^'rS'KS^^a'^^^'i^a^^'fS'^-s^^^^^^ 

-J^JlbM■^CJlC»^b^-•^-•<^^t»roc»foM<^,^J^oCo« 

IV  IV    Vpf          TV           IV     *^  ^mJ  1          Nfc^               J  V,^  >^  W  •  I V  U  1                        \Jl   F**            -4—    1 V           ^w*  Fv 

n 
II 
If 

PI 

1 

ro  roVj)  rov>iv^v>iv>iv>Jvji  .prvjivji     4r\jj  ro  nj  M  o  O  m  F"^  4r-~ivD  oo<ji  *r 
-^vjio<jii-'i\jvji^i-'V*ivD4ro<Jioi-'  .tr\j4\*i  ro  rv)  .p-vr  rovjj         m  oa  on 

4r- CT\-j  I-" -J  vu  M  ^  vji I-"  •  uibv^crirocrib^-^»jif-'I-'4rbro>j\dCD 

— 4 

Vjj  rov>iv^>w>iv^>^v><v>i  *r ro  rov>ji^v>jv->jv,>4v>j^jj  ro  ro  ro  rov^v><  cti--4V>)  ro  ro 

ir 

B  ^ 

cn 
d 
►) 

69026  'd'H 

CVJ  0  CTn  CVI  jtHrHlfNOr<'tOVDC\J'^K>Oir\00%»^irvr*-<U<nCVJMOOJCy 

j*u>vo^  irHOONW  h^tfcfcW  eoo^g^Or^rHt<^r*^og^g^oa^og^OOO  1 
K\ri^r^A     K\r<^  iy  cycyww<VJ^^JWK^r-^p<^^^r*^K^KJCy^*^^lr<^cyr^ 

ti03  'O'H-a 

r^OJCTvO       OtO  OJCOKNtOh-O^O'^lO^  CTt^ 

rA^   1  pAftJOJi-JrHrHrHcyojf^ro  rAj-  J-  in  i    i    i    i    1    i    i    i    i    i  i 
ri^r^h^ro      r*^     r*^                  r*^  r-^ 

Center 

tl5x£6  "J-lt 

CJMio  CO       1          lAiTNjd-  uT^LTviAiAui  ir»  iAj:t  Jit  J*     J-  t^ror^  r^r^ 

^1 
o  B 

82fi£6  -J-H 

a>  r^i^      ir*r^c\jvD^'^o  0  cy-*-D  oj  to     r^cu     ^-vd^  h         a^'^  cr»  <t\'^ 
vI>lAcooo^CT^Or^a^a^Ood^^H(\JC\J  K\r^^  J-  J-  itnkm^^^      r^i^r^  k\ 

torn  Do 
Car  S 

r—  60  vri  c\j  K)  ifXij-  K\^o  00  oj  co  cn*^  »  0  co  0  ^     ^  o^-:t  »^vj>K)toco  0-4-^ 

lA  C\j  60        iAj*  fA  C\J  rH  rH  CNJ  oj  fA^*  ^       »^  b-t^^  lA  lA  lA  ITV*  ITMfMrN  lO*^  ^ 

Bot 

OtiI26  'd'H 

h-iHOOC\J-ltOJO  If^U)  ir\rHJ*  rHJ*^  rH<rtO^        (Tn*^  jiJ-  ■»•*        0  ^ 

eo  60  r-^vij     vo     (^^jd  ^     hi  r—  r— \^  m        ir>^  ruc\jc\jKM»>cvioj(-4  loj  1 

fi£026  -d'H 

U3      0  r— ^  0  cr\r^J-  0  \r\<o  ir\oOfH  oj^  o'^^^o^o^^-lr^c\J^  rHCoeo 
^  OJ  M  rH  c\j  oj  rA-U-      rAj*  Jd-'  :^  iAj*  ^^^Jt^r<^c\i'-*r-i^  ojojrHrtWOjr^ 

69026  -J-N 

ir\r-t30U3    |r^OJOOO^CTNOOOOr**OJOJP^OJrHOrHC\i»-lrHrHrHr-trH  r 

fl02  -O-H-H 

0  mo              OV*  OU360  iH-d-  OCrsaN60CT\O60«) 

rArAK>^     1   olcXJOJrHOrHolK^OJ  irMTMOItlllllllll 

enter 



it5T£6  -J-S 

CVJ  0  LTMn       r—  t--\  ir\  r*^U)  C\JC)OOrHK^60CO_3-J"COrHrHt^  r-VD  I-t  OM —  i~i'<0  (J\ 
lA  lA  lA    1   lA  lA-:t  -3r^r^OJrAcVCyiH|H|HrHQHrHrH 

rway  C 

Number 

825£6  'd'U 

^j*^  <r*60  inoj  h-ojvxi  mr^ror-w^^'^o  cvjja-^  OJr-(J^r-*o  ir\jt  -=J"  cn 

60  60  r-^vovjDu)  r-60  r^*jDv^  r^eoh-66oo606oa^<7^o^c^^a^eoo^QQQQQQ 
^or<^f^r*^f^f^r-^f^f^t«^^<^t^l^f^K^r*^f^f^^o^^                r*~»-3"  ^  -=r  j  j  -=r 

op  Doo 
Car 

itjl  •0-H'N 

0  ir\^  r— (\j^H^-:*^6o  mo  m^  ih  r—  rn  oj     oj  <r»  on^  <7vJ"  0  m  oj  ^  0 

up  aj60  cr«o  cr«o^6o  60  r^r-60  cr»6o  <t\Q  <t\Q  Q  a^o^Q  cT\<riQ  rn  fHFHrH  r-ioj 
^  jd-  t-^          r«-M^ror^t^t^ror*^r^                 J  K^          r^-\r^j-  ^  ^  J- ^  J- 

Otit26  'd-H 

m6oc\JOJCuoJOo^^^a^K^oc\J<^J^l<^c\Jl^^l^J^r^<^JOJJ■^-^-oJOto  w 

OrHrOCUCSJ<HrH(r«<TNW6dcAcr»60h-  f^*^       'vO  ITi  hr\-=l"  r<^N-=t  KX^  1^  OJ     1  t 

S£o26  -J-K 

K^o^'-o  rH  o  r-^oj  o^  mj*  mr-vo  ir\j*  rr^r^oj  mr^o  inr^o  i-h  a^^-t*.•o  c\JO 
iAr^60  crs6o  r— r— irMr\ir\tr\^  irMTMrMTMr* mjd- ^  oj  r'-x;^"      oj  c\j  c\j ^ ^ 

69026  'd'H 

c\j  (vjknoj     ojr^oo-:!-  60  incAOj  iTNOJ  eor<^r^K>6o  mr*-c\jf<^o^  r^cnr-eo 
;:t  lAiAj-  1  cur^ooo^a^o^oOr^r^c\JOJ^ot<^r<^^^OJ^-^r^^-^ooo^^  i 

o 

*l02  'O-H-H 

\r\r^c\j     o%r^r^<vJomrHv^  <r»        r*-  m  oj  ^ 

^  ir\;3-  J-  1  o     60  r— r-60  60  6ogNOOr-ic\iOji       t   i    i    i    i   t   i    i  i 
KM^K\r^  r^OJC\JOJOJC\J(\JOJOJWr-^r^roroi^ 

s 

o 

1lSl£6  -d'H 

irv^  -ij-  OJ            ir\v£)         ir\vi5  r— r^o  ir»rH  irNr»-60^^  moM^coo  K>t*^cr\ 

t-vrt  \c\^   1  OJOJ^^«Hr^r^^^OJr^OJCUr^^^oooooo^00g^ooog^ 
r^r^^r^h^  ^<~^^or^^r^K^M-^r^tor^^0^^r<^r-^ro^nr<^r<^r<^ClJ^^ 

Bottom  Bunk 
Car  Ihmb 

885£6  -d'H 

^           '^Jd■60COO^POO  ITN'vO        h-  rH  IfN  rH  U3  lO^£>  OJ  -Zf  60  1 —  rH^OvO  CTN  O  KM^r^f—r*- 

60  LAd60t^eoo^o^w606dg^mg^g^g^ff^ooo  odg^CT^o^oddd  do 
K^r^r^OJC\JOjoj  cycu  oj  OJWW  Rj  Wojajr^r^r<>r^K>f\JOJ  ojror«~M^r^M^ro 

ir»vo  r^mc\j  rH  r^eo^D  r«-\  i-h  o^f*^OJ  rH  r*^-::f  o^0J  tnoJt^CTNW  rH  rHcr%(T\  r*^^ 
rH  (r**^  ^i^rHOOrHCVJOJ  i^J-  J-J*  eo-:^^^'^*^  r«^oj           J-  OJ  r*"VfJ-  ^ 

Oni26  -d'H 

j        c\J60  60  0Jor— coo'<J30  CTM^^^  or*-Oh-c\jrHr^OrHcr»r-^omo"^  m 

1 —  m  r*A^  LTi  ITNVJS  r^*^  r— -vO  l —  l —  r-'KO  »^  irMTN  mjd"  Jd-r*^OJ0JrHrHC\JrH    lOJ  1 

5£026  -d-K 

;     o  cr\  o  r--^  cr-oo*-ovx)o  rnr— mo  rH      cr«60  t*^'^      m  cT>-=f  rH  O      no  cnco  o 
'     r*^oocr\OOC\jfo,K\  f^-J-  Jd-      iTMTv  ir\^  J-  ^  m^  j^-ojojroojojrHrHrHrHOj 

69026  -d-N 

[         irsrH  Kv::t      o  m  in  cr*  o  U3      itn  m  rH  ^  oj          o  ^     v£)  ir.  60  o  oj  ir»  oj  lo 

\-060O>r-l^'0JrHOOg^OrHrH0J0jr^             Jr^rHrHOJrHOJrHrHOJrH  1 

tl02  -0-H-K 

[         <T\  m     r—     rHr^eov^OrHh-rHO  ijTV^  j=j-  r—  oj  oj 

i         cj-=rm-:3-   1      ir\:3- ^     -d-  ir\ minvo  r— "-o      r—  i    i    i    i    i    i    i    i    i    i  i 
r^f^r^K\                   1-^  ro          r*^          to  K\  r*^  rn 

Centei 
er 

ti5if6  -d-H 

[         rHOJ^ojc\jo'~£>r^  rr^^  rooj  OJKNh-ojc\jo  r— jd-  o  'X'vx)  M-Nh-j3-  cr\r^60  OJ 

J:fJ^J■J^J■J■^O0j0JrHrHrHrHQQQQQa^0^rH0^^ 

i  >^ 

885C6  -d'H 

1         ro r— 60  r^inr— r<^^  rH  oj  o  mr^eo  roroo  KM^mrH  inrHo^iH  rocTiCO  cnr*^ 

'            doN60r-lr^ujvd>^lAm  iAmJ  M3*^*^r^r-60  60  60  eO  60eOCna^QQQQrH  rH 

m  d 
o 

p< 
S 

Lni  -Q-H-H 

{            60  rH  VX)  O  00        LP>       rH        r-M3  rH  60        rH  O  r*^       60             rH  WrH  rHrH'vD^^VOOJ 

I        J^'rtr-o^<^«c^^a^o^o^60  60(T^oc^s^*-^■-''-^'~'Q<~^'-''-'^^*^ 

OflI36  'd-H 

r*^<rNrHr-r-ojmojoop— rHf060^60rooir*r-r-60oj  irv*  r-rH  h-  cr> 

OJOJ^'ojrHrH(T»60r—  h-VD         r—  m             ^^^C\li-if~1r-iOJr-ir-tr-iC)     IrH  1 

5£o26  -d-H 

OJ60  OJ       '^OO  OO^  O        O'^Dj^^^  rH  C\J  rH^-DCT\rH'>^J"  r*-rH  ON-d"  VO  1^  m  60 

ir\  h-  60  60      mm  m    -=J-  m-\-=J-  -it  mj*                     ojrorHCj  njtNJrHrHrHOJcvm 

a 

E 

E 

a                          d  w 

odSooaomOoomomuSSoom 

rH  mfur^mo  0.3-  O  CO  h^H  K\aj^  K^K^r^J■^  K^-zf  too  fOOJd-  OO  roroo 

iHWlAojI^Wr^oji)  OJ  P-zHO  mOJVOOJ«i  CUtAw  r^ON"^  rHC\j6oj-Cr»60»^K> 
iH        i-l                   rH                        I-t  r-t 

a 

i 

rHOj             r-^            -It             mu)             r-eom  O 

Ojcy                   CJ                   OJ                   OJOJ                   OJCUOJ  r«^rH 

•^■^-^K     B     =  ■* — E     S     B       — B     B     B            B     E    ""^B     B     S    **^e     B                                B     C  "-^B 

G 
G 

•r- 

41 

0 

u 

Yalrlma 
n 

Pasco 

Yardley 

Kootenai 

Paradise 

Ulssoula 

Crar  risen 

Helena 

Livingston 

Laurel 

Forsythe 

Harsh 

Dickenson 

Uandan 

Jamestown 

Dllworth 

Northtown 

H.  La  Cross 

Savanna 

Clearing 

Hanmond 

Marion 

Kent 

Jamestown 
Homell 
Pt.  Jervis 
Croxton 
£rle  Pier 

-3 

EH 


a 


<D  U 


a 


o 


CO  J- 


I 


^»^^^  cvj 


J-  iricvi 
1^ 


I  c\J 


CTirH 
CM 


■9 


^  ITvi-t 


I  J-  O 


r-^J-  CO 


<riO 


O  rH  p 

CVJ  oj  i\j 
cr>  cr\  (T\ 


•  • 

CO  ^ 

irii-t 


o  <T\ 


ITvi-l 


KMTl 


<r>«> 


CO  vo 


o  iC\ 


3  f<^ 


J-  o 


(4 


s3 

tM  I-l 

o 

o  s) 


9  CS 

g>  Id 

O  Tt 


CM 


Q! "  „; 

f-"  _:  o 

o  fl  « 
+> 

"I  ° 

CVI  «  „ 
OJ  *^  ft 

o 

Boo 


ID   t)l)  ^ 

>  eS 

•H  -H  <B 

3^  « 

«  U) 

o  ^  d 

2 

+>  9 

tH  CO 

>>a^  o 

0)  iH  O 
O  CM 

O  -H 

o  O 


e  o  a 

O  M  fl 
PU  O  O 

H  CO 


a 

a  a  q 
«  o  a 

4»  P.-P 
O   <D  -H 

■a  g  ► 


•a  o  d 
1  •  • 


•6 

(D 


o 

Pi 


u 

> 


o 


c5  o  4a  = 


0) 

IS  d 


OJ 


fX4 


o 
cvj 


r-vi)  J-  o  H  o  w) 

H  i-l  H  1-4  f-«  i-t 


■  cr\0  irvt  CVJ 

H 


Hid  .     Him  ^  ^ 

CVhrHrHi-li-lrHi-t  CSCVJCVJl-li-IH 


Id  "d 

C\JCVJCVJCVlt<^ajCVJ        f<^CVJCVJC\JCVirHi-t  iHrHCVJi-li-l 


60 

to 


0) 

,0 

OJCVICVICVJCVJCMiH  CVIOJCVJ 


cr>-3-  i^rH  r^MTv  cr»  cr*-:^  J- 

i-t  i-l  r-t  1-1  i-l 


8 

CVJ 


o 
o 

CVJ 


•  +> 

w  2 


ojj*vi5  6b  cJva-  ^^cu-:t6ovo^-l^cJ6bco^u5r--QC^Jo^cM^^l^ 
4S     rH  CVJ     irvus     vD  MD     60  o  H  rH  r'^     t<^  ri-vd- 10  irv  r~- to  10- 

fo  rHf-li-(«HrHiHt-lrHHrHHHc-4 


O  CVJ 


OJ  OJ  Kv  Kvd-  j±  ifMfMTMrx  iTxvo  viDr— r~-6ococjoc!06ocrvcr>g>oo 

CVJ  CVJ  CO  OJ  CVJ  TvjCVJCVJCVJ0JCVJCMCVIOJCVJCVJCVJCVJCVJCVICVIOJCVIt<^r<^ 


a 

+> 
ca 


a 
_  o 
(I)  43 

>>  a  o  n 


O  rj  "O  -H   fl  J) 
(0  -H 


^1  > 


^  ^  ^ 
cd  (d  CO  *H  oJ 

(X<  CS  H»  M 


u 

O  I-l 


•  iH 

J25  O 


ft. 


■3 

O 


o 


o 


ON 


<->  2 
m  a 


<1>  1-1 
h  o 

cs  a 


h  -H  o 
O   (D  rH 


(h{ 

O 

a 

o 


rH  +» 


(4 

<M  O 
O  iH 

(D  -cJ 
EH 


(0 
+> 


(d  u 


•a 


u  +» 

m  CO  .o 


t)0 


« 


o 

C\J 


60 


cr\ 


1-t 


o 

CVJ 


Pi 

m 

cS 


g 

o 


CO 


u  • 

<D  lO 


Ft  g 

o  o 

CO  CO 


o 


u 

tfl  o 

O  (M 

o 


o 

CVJ 

CTl 

u 

<D 

a 

o 

P< 

d 

i>«pl 

rH  • 


a) 
o 


S  o 

O  60 

9  r—  o 
cu  a 


CM 


>»  • 

o 

<H  l-l 
O  X> 

u  Id 

o  OS 
o  >»  5 

+>  . 
B>  d 

•§1 

jj  (S 
R  CO 


K 

O  *» 

a 

+>  o 
« 

M  - 

It 


^1  -p 

P=t  CO 


£  g 

3  O 
•o  to 

(O  CVJ  ^ 


o 


O 


«0 


Ifv 

o 


CTl 
VX5 
O 
C\J 


Ph 


•H  <U 
,0  CO 


9 

CTl 

?! 


■H  O 

UCVJ 

Ph* 

Sa 


.H  O 

2- 

tH  • 

CO  cvji  Q 


CO 

to 
in 
r<^ 
<3^ 


P4 


crv 

® 

V£) 

o 

o 

cu 

CVJ 

cr> 

CTl 

pj 

pj 

as 

as 

o 

1 

« 

CO 

CO 

to 
to 

U-v 


Pi 


+»  • 

^  0} 

•H  O 

O  rH 

(3  O 

•Ct  CU^  -H 

CO  r<-\ 


irv 


P« 


o 


C\J 


o 


60 

to 


Pi 


o 


OJ  O  O 
O  CVJ  -H 

cu  n 


o 

P4 


-IT 
o 

a  CVJ 

hH  ^  <7^ 
«  • 

.  i 

®  -5  a 

O  (S 

S(4  01 

ID  (D 
P.  -t^ 

Pi 

o 

■d  rH  a 
O 

P  o  -t^ 
a  a  CO 


.  (D 
rH  Oj 

o  u 


+>  tH 

0]  !)0 
+>  >» 

•H  01 

h  o 

a 

a 

•H  a 

d  (D 
H  -tJ 
pE|  CO  Td 


o 


u 

d  o 
o  to  • 

3  I —  h 
pq  CVJ  (=) 


CTV 
VJ3 
O 
CM 


Ph 

a 


<»H 


I 


•CVJ  CVJ  r^ir\  r'Mr 


i~-o  CVJ  to  mo~>o 
1^60  (TV  I — I —  irvr- 


O  60  rH  to  r<~v  CT> 


VX)  60  C\J  <rvVJ3  I — VJ3 
CTv  Cr>  CTvVD  V£)  I —  to 


o  ic~>    J-  to  if  \  cu 


OJ  in  60  <PiVj3  cn^ 
r~60  60 


t<^3^  J-  CO  in  o  >-o 

O  inrH  CM  O 

CM  CVJ  cm 
cr»<ri 

p^       M       0^  (4  (X, 

^    a  a  a  a  a 


O  s 

A 
o  = 

OS 


U 

u 

-s 

•d 

(D 
t> 


a 

o 
u 

tH 

■d 


0)        rH  Ph 
H  O 
P        M  ^ 


>>  FS 
rH  -H 
rH  ^ 


O  -H  O 

in  »H  o 

O  -H 


« 

U  O 


^5=  -e: 


p  3 

Bl  (h 

tH 

•H 

(J 


O 


u 


o 


o 

Air  Xcr 

O 

nDfiraturc 

s  (T) 

5 

o 

— ^  

•  ^ 

^  

■ 

0 

X 
o 

r-n 

z 

B. 
A 
9 

09 

C 

-s 

(D 

.nrout  c 

1 

r- 

«— s — 

ft 

^  5 

i-^^ — 

f»  a  • 

•    -  f . 
 f'  »  «* 

3 

i 



F  i» 
V   0  J 

0  . 

X 

• 

S 

0 

i 
1 

1 

1 

Figure  6. 
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A    slanoling  test  of  Ihe  gas  reTchtivenesi  of  i2  uniced  cars 
seleclad    for  apparent  lightness.    YaKima,  WouH.,  June  16-17, 
1942. 


o 

m  . 
ei  J 

*•  X 

CD 

CO 

c 

-I — ^ 

r» 

X 

X  

to 

•0 

vo 

rr\ 

0 

*  t 

~  c 

*  . 

c 

O  0 

V 

» 
;! 
o 

ft. 
i: 

■k>  

Ol 

a. 

0 

 o>  *- 

*  < 

«• 

.<i 

2 

— ^2  

Q 
t 

o 

o  / 

 *>*-F-  

<D  # 

O  / 

a.  / 

■z/ 

^ — 

! 

-8  ^ 

■r  

M 

O 

U 
■tf 

: 

T» 

•n 

k: 

3 

If 

— o  

V 

Til 

S  to 

01  : 

:3  £  «. 
O  o  5 

ti  

S 

H 

■« 

<■ 

V 

* 

at 

to  - 

o  J  5 
X  2-5 

 5-4- 

=r  ^- 

c 

^  . 

S.  3 

-O-  -a  4 

e 
•% 

e 

V 

s» 

\ 

y  \ 

y 

-2  * 
-5  £ 

Q  o 

i  . 

V 

c  c 
#  •- 

/ 

O 

0  Q 

*>  r\ 

1  1 

o 

— 

J) 

Q 

G 

n 

1  iO^DJsE 

s 

\p\XO)Q 

1 

